BLM    LIBRARY 


8806545 


V.-'O  CALPINE 

FOURMILE  HILL 

GEOTHERMAL 

DEVELOPMENT  PROJECT 

Environmental  Impact  Statement 
Environmental  Impact  Report 

Volume  II:  Final  EIS/EIR 
Appendices 

State  Clearinghouse  No.  96062042 


BONNEVILLE 

nf  G   •  FOWII    ADMINISTRATION 


AIR  POLLUTION  CONTROL  DISTRICT 


..  BLDG50,  STM-V 

3X  2504V 
Dfy  OLORAOO  80225 


no      r/  vfi 


?t/ 

,  C  3- 

£c 

\^    i     <7~ 


FOURMILE  HILL 

GEOTHERMAL 

DEVELOPMENT  PROJECT 

Environmental  Impact  Statement 
Environmental  Impact  Report 

Volume  II:  Final  EIS/EIR 
Appendices 

State  Clearinghouse  No.  96062042 


September  1998 

NEPA  Lead  Agencies: 

U.S.  Department  of  Interior 
Bureau  of  Land  Management 
Alturas  Resource  Area 
708  West  12th  Street 
Alturas,  California    96101 

U.S.  Department  of  Agriculture 
Forest  Service,  Modoc  National  Forest 
800  West  12th  Street 
Alturas,  California    96101 

CEQA  Lead  Agency: 

Siskiyou  County  Air  Pollution  Control  District 
525  South  Foothill  Drive 
Yreka,  California    96097 

Cooperating  Agency: 

U.S.  Department  Of  Energy 
Bonneville  Power  Administration 
P.O.  Box  3621 
Portland,  Oregon  97208-3621 

Third-party  Environmental  Consultant: 

MHA  Environmental  Consulting,  Inc. 
520  South  El  Camino  Real,  Suite  800 
San  Mateo,  California   94402 


Final  EIS/EIR 
Table  of  Contents 

EXECUTIVE  SUMMARY 

The  Executive  Summary  includes  a  description  of  the  purpose  and  need  for  the  proposed  project  and 
alternatives,  a  summary  of  key  issues  raised  by  the  public  during  the  comment  period,  and  a  summary  of 
the  environmental  impacts  of  the  proposed  project. 


VOLUME  I:  FINAL  EIS/EIR 

1:  Introduction  and  Purpose  and  Need 

2:  Alternatives,  Including  the  Proposed  Project 

3:  Description  of  the  Affected  Environment 

4:  Environmental  Consequences  and  Mitigation 

Measures 
5:  Mitigation  Monitoring  and  Reporting 

Program 
6:  List  of  Preparers  and  Agencies  and  Persons 

Contacted 
7:  References 
8:  Index 


Volume  I  of  the  Final  EIS/EIR  includes  the 
revised  text  of  the  Draft  EIS/EIR.  The  revisions 
to  the  document  include  errata,  staff-initiated 
changes,  and  additional  clarifications,  as 
identified  in  the  responses  to  public  comments. 


|  VOLUME  II:  FINAL  EIS/EIR  APPENDICES 


A:  Mailing  List  for  Draft  and  Final  EIS/EIR 

B:  Scoping  Materials 

C:  Biological  Resources 

D:  Visual  Resources 

E:  Meteorological  Data 

F:  Air  Quality  Impact  Assessment 


Volume  II  includes  the  appendices  that  were 
included  in  the  Draft  EIS/EIR.  The  appendices 
have  been  provided  as  a  separate  volume  due  to 
the  increased  size  of  the  EIS/EIR.  Similar  to 
Volume  I,  Volume  II  reflects  revisions  due  to 
errata,  staff-initiated  changes,  and  additional 
clarifications. 


VOLUME  III:  FINAL  EIS/EIR  RESPONSES  TO  COMMENTS  ON  THE  DRAFT  EIS/EIR 


Introduction 

Agencies,  Organizations,  and  Persons 

Commenting  on  the  Draft  EIS/EIR 

Responses  to  Comments  on  the  Draft 

EIS/EIR 

Responses  to  NEPA/CEQA  Issues  Comments 

Responses  to  Project  Preference  Comments 

Responses  to  General  Comments 

Comment  Index 

Index 


Volume  III  presents  all  public  comments  on  the 
Draft  EIS/EIR  as  well  as  comments  on  other 
issues,  and  the  agency  responses  to  all  of  these 
comments.  Public  comments  were  submitted  in 
writing,  and  heard  verbally  at  public  hearings 
that  were  held  for  the  Draft  EIS/EIR.  Individual 
comments  have  been  organized  by  parameter  in 
order  to  provide  complete  response  on  all 
issues. 


VOLUME  IV:  FINAL  EIS/EIR  COMMENTS  ON  THE  DRAFT  EIS/EIR 

Volume  IV  provides  copies  of  the  original 
comment  letters  that  were  received  on  the  Draft 
EIS/EIR.  This  volume  also  includes  copies  of  the 
transcripts  from  the  Draft  EIS/EIR  public 
hearings. 


1:  Original  Comment  Letters 
2:  Comment  Index 


Volume  II:  Final  EIS/EIR  Appendices 


Fourmile  Hill  Geothermal  Development  Project 


Volume  II:  Final  EIS/EIR  Appendices 
Table  of  Contents 

APPENDIX  A:  MAILING  LIST  FOR  DRAFT  AND  FINAL  EIS/EIR 

APPENDIX  B:  SCOPING  MATERIALS 

APPENDIX  C:  BIOLOGICAL  RESOURCES 

APPENDIX  D:  VISUAL  RESOURCES 

APPENDIX  E:  METEOROLOGICAL  DATA 

APPENDIX  F:  AIR  QUALITY 


Volume  II:  Final  EIS/EIR  Appendices  iii 


iv  Fourmile  Hill  Geothermal  Development  Project 


APPENDIX  A: 

Mailing  List  for  Draft  EIS/EIR 
Mailing  List  for  Final  EIS/EIR 


Mailing  List  for  Draft  EIS/EIR 


Deputy  Assistant  Secretary  ot  Defense  (E) 
Suite  206,  2nd  Floor 
400  Army-Navy  Drive 
Arlington,  VA  22202 


FederaJ  Aviation  Administration 

Western  Region 

Office  of  the  Regional  Director 

P.O.  Box  92007 

Worldway  Postal  Center 

Hawthorne,  CA  90009 


Federal  Energy  Regulatory  Commission 
Advisor  on  Environmental  Quality 
Environmental  Compliance  Branch 
825  North  Capital  Street  NE 
Room  7312 
Washington,  D.C.  20406 


Federal  Highway  Administration 

Region  9 

Regional  Administrator 

21 1  Main  Street 

Room  1100 

San  Francisco,  CA  94105 


Federal  Railroad  Administration 

Office  of  Policy 

Attn:  Ms.  Marilyn  Keine 

400  7th  Street  SW 

Room  8300 

Washington,  DC.  20590 


GeneraJ  Services  Administration 
Office  of  Planning  and  Analysis 
18th  and  F  Streets  NW 
Room  6331 
Washington,  D.C.  20405 


Interstate  Commerce  Commission 
Chief,  Energy  &  Environment 
Room  3219 
Washington,  D.C.  20423 


National  Marine  Fisheries  Service 
Habitat  Conservationists  Division 
Northwest  Region 
911  NE  11th  Avenue 
Room  620 
Portland,  OR  97232 


Rural  Development  Administration 

Region  Vll-Westem 

Director 

317  South  7th  Street 

Klamath  Falls,  OR  97603 


Rural  Utilities  Service 

Attn:  Larry  Wolfe 

Stop  1571,  1400  Independence  Avenue 

SW 

Washington,  D.C.  20250 


U.S.  Air  Force 

Deputy  Assistant  Secretary 

Environment,  Safety,  and  Occupational 

Health 

Room4C916,  Pentagon 

Washington,  D.C.  20330 


U.S.  Army  Corps  of  Engineers 

South  Pacific  Division 

CESPD 

630  Sansome  Street 

Room  720 

San  Francisco,  CA  94111 


U.S.  Army  Corps  of  Engineers 
Sacramento  District 
1325  J  Street 
Sacramento,  CA  95814 


U.S.  Department  of  Agriculture 
Animal  &  Plant  Inspection  Service  PPQ 
Deputy  Director,  BBEP,  EAD 
Federal  Building 
6505  Belcrest  Road 
Hyattsville,  MD  20782 


U.S.  Department  of  Agriculture 
National  Agricultural  Library 
Head,  Acquisitions  &  Serials  Branch 
10301  Baltimore  Boulevard 
Room  002 
Beltsville,  MD  20705 


U.S.  Department  of  Agriculture 
Office  of  Equal  Opportunity 
Room  1345 

Attn:  Mr.  Robert  Sranco 
Washington,  D.C.  20250 


U.S.  Department  of  Agriculture 
OPA  Publications  Stockroom 
Room  A-325  (Attic) 
South  Building 
Washington,  D.C.  20250 


U.S.  Department  ot  Agriculture 
Soil  Conservation  Service 
Environmental  Coordinator  of  Ecological 
Sciences  Division 
Room  4243 
Washington,  D.C.  20250 


U.S.  Department  of  Energy 

Director 

Office  of  Environmental  Compliance 

1000  Independence  Avenue  SW 

Mail  Code  EH-22,  Room  3G092 

Washington,  D.C.  20585 


U.S.  Department  of  Housing  &  Urban 

Development 

Environmental  Officer 

Phillip  Burton  Federal  Building 

P.O.  Box  36003 

San  Francisco,  CA  94102 


U.S.  Department  of  Interior 

Director 

Office  of  Environmental  Affairs 

Interior  Building 

MS-2340 

Washington,  D.C.  20240 


U.S.  Department  of  Transportation 
Environmental  Division  (P-14) 
Assistant  Secretary  for  Policy 
400  7th  Street  SW 
Room  9217 
Washington,  D.C.  20590 


U.S.  Environmental  Protection  Agency 

Region  IX 

EIS  Review  Coordinator 

Mail  Code  E3 

75  Hawthorne  Street 

San  Francisco,  CA  94105 


U.S.  Navy 

Office  of  Chief  of  Navy  Operations 

Environmental  Protection  Division 

Attn:  OP-45 

Washington,  D.C.  20350 


BLM,  Alturas  RA 
708  West  12th  Street 
Alturas,  CA  96101 


Intermountain  News 
36965  Main  Street 
Burney,  CA  96013 


State  Clearinghouse,  Office  of  Planning 
and  Research 
1400  Tenth  Street  #121 
Sacramento,  CA  95814 


BLM,  State  Office 
2800  Cottage  Way 
Sacramento,  CA  95825 


Mitchell  Construction 
P.O.  Box  172 
Castella,  CA  96017 


State  Historic  Preservation  Office 
1416  Ninth  Street 
Sacramento,  CA  95814 


BLM,  Ukiah  District 
2550  North  State  Street 
Ukiah,  CA  95482 


Modoc  County  Library 
212  West  3rd  Street 
Alturas,  CA  96101 


U.S.  Army  Corps  of  Engineers 
Sacramento  District 
1325  "J"  Street 
Sacramento,  CA  95814 


Bonneville  Power  Administration 

P.O.  Box  3621 

Portland,  OR  97208-3621 


Mt.  Shasta  Snowmobile  Club 

P.O.  Box  341 

Mt.  Shasta,  CA  96067 


U.S.  Dept.  of  Interior 
Office  of  Environmental  Affairs 
1849"CSt.,  NW,  MS-2340 
Washington,  DC  20240 


California  Dept.  of  Conservation 
Division  of  Oil  and  Gas 
801  K  Street,  Floor  20,  MS-20-21 
Sacramento,  CA  95814 


National  Environmental  Coordinator 

USDA-NRCS 

P.O.  Box  2890,  Room  61595 

Washington,  DC  20013-2890 


U.S.  EPA,  NEPA  Compliance  Division 
EIS  Filinq  Section,  Mail  Code  2252-A 
401  "M"  Street,  SW 
Washington,  DC  20460 


California  Dept.  of  Transportation, 

District  2' 

1 657  Riverside  Drive 

Redding,  CA  96001 


Native  American  Heritage  Commission 
915  Capital  Mall,  Rm  364 
Sacramento,  C A  95814 


University  of  Minnesota 

B50  NR  Admin  Bldq-Forestry  Library 

2003  Upper  Buford  Circle 

St.  Paul,  MN  55108-6146 


California  Public  Utilities  Commission 

505  Van  Ness  Avenue 

San  Francisco,  CA  94102-3214 


Pacific  Rivers  Council 
P.O.  Box  10798 
Eugene,  OR  97440 


USFS,  Doublehead  Ranger  District 
P.O.  Box  369 
Tulelake,  CA  96134 


Colorado  State  University 
Documents  Dept.  -  Libraries 
Ft.  Collins,  Co  80523 


Pit  River  Tribes 
P.O.  Drawer  70 
Burney,  CA  96013 


USFS,  Goosenest  Ranger  District 
37805  Highway  97 
Macdoel,  CA  96058 


Constance  E.  Brooks  &  Assoc. 
1776  Lincoln  #101 
Denver,  CO  80203 


Siskiyou  County  Clerk 
31 1  4th  Street,  2nd  Floor 
Yreka,  CA  96097 


USFS,  Klamath  National  Forest 
1312  FairlaneRoad 
Yreka,  CA  96097 


Humboldt  County  Library 
1313 -3rd  Street 
Eureka,  CA  95501 


Siskiyou  County  Health  Dept. 
806  S.  Main  Street 
Yreka,  CA  96097 


USFS,  McCloud  Ranger  District 

Drawer  1 

McCloud,  CA  96057 


USFS,  Modoc  National  Forest 
800  W.  12th  Street 
Alturas,  CA  96101 


D.C.  Allen 
Box  7000 
Anderson,  CA  96007 


Rick  Barnum 

Siskiyou  County  Planning 
P.O.  Box  1085 
Yreka,  CA  96097 


USFS,  Regional  OFfice 
630  Sansome  Street 
San  Francisco,  CA  941 1 1 


Jim  Alston 

Box  746 

Dorris,  CA  96023 


Elmer  Bauer 
7012  Sophia  Ave. 
Van  Nuys,  CA  91406 


USFS,  Shasta-Trinity  National  Forests 
2400  Washington  Avenue 
Redding,  CA  96001 


Lee  Anderson 

2305  Ashland  St.,  Suite  C-198 

Ashland,  OR  97520 


Richard  Beaiu 
1155  Hilltop  Drive 
Redding,  CA  96003 


USFS,  Tahoe  National  Forest 

ATTN:  Planning 

P.O.  Box  6003 

Nevada  City,  CA  95959-6003 


John  Aquila 

214  Shasta  Avenue 

Mt.  Shasta,  CA  96067 


Dr.  Rudi  Becking 
1415  Virginia  Way 
Areata,  CA  95521-6855 


Western  Region,  Ofc  of  the  Reg.  Dir 
P.O.  Box  92007 
Worldway  Postal  Center 

Hawthnrnp   CA   PfWOQ 


Cynthia  Archer 

Californians  for  Alternatives  to  Toxics 

(CATS) 

860  1/2  Eleventh  Street 

Areata,  CA  95521 


Ken  Beeson 

Eugene  Water  &  Electric  Board 

P.O.  Box  10148 

Eugene,  OR  97440-2148 


Mark  Harvey 

RWQCB,  Central  Valley,  Redding  Branch 

Office 

415  Knollcrest  Drive 

Redding,  CA  96002 


Jim  Ayer 

Save  our  Skiing  and  KARE 

P.O.  Box  594 

Mt.  Shasta,  CA  96067 


Roy  Bergfors 
Mayor,  City  of  Weed 
P.O.  Box  470 
Weed,  CA  96094 


Hub  Adams 

MHA  Environmental  Consulting,  Inc. 

520  S.  El  Camino  Real 

San  Mateo,  CA  94402 


Melinda  &  Mark  Bailey 
1005  Bliss  Lane 
Garberville,  CA  95542 


Charles  Best 
CA-NV  Snowmobile  Assn. 
19308  Maple  Avenue 
Weed,  CA  96094 


Jeff  Adams 

California  State  Lands  Commission 
200  Oceangate,  12th  Floor 
Long  Beach,  CA  90802-4331 


Manuel  Baldenegro 
RWQCB,  North  Coast 
5550  Skylane  Blvd.,  Suite  A 
Santa  Rosa,  CA  95403 


Marian  &  Jack  Blakeney 
2302  Town  Center  Drive 
Klamath  Falls,  OR  97601 


Paul  Aikins 

657  Mill  Street,  P.O.  Box  42 

Paisley,  OR  97636 


Larry  Ballew 
P.O.  Box  10 
Ahwahnee,  CA  93601 


Susan  Blevins/Erika  Kamp 
Environmental  Resource  Associates 
P.O.  Box  1885 
Alturas,  CA  96101 


Bob  Allen 

Burney  Forest  Products 
35586-B  Highway  299E 
Bumey,  CA  96013 


Tom  Barb 

Mazamas  Conservation  Committee  Chair 

909  NW  19th  Avenue 

Portland,  OR  97209 


Dave  Bowers 

PG&E 

20818  Black  Ranch  Road 

Burney,  CA  96013 


Paul  Brophy 

EGS,  Inc. 

4845  Parktrail  Drive 

Santa  Rosa,  CA  95405 


Eugene  Ciancanelli 
Cascadia  Ex.  Corp. 
3358  Apostol  Road 
Escondido,  CA  92025 


Jim  Deason 

222  SW  Columbia,  Suite  1400 

Portland,  OR  97201 


Charlie  Brown 
Fruit  Growers  Supply  Co. 
Fruit  Growers  Road 
Hilt,  CA  96044 


Richard  Cimino 

1281  Ridgewood  Road 

Pleasanton,  CA  94566 


William  DeJager 

P.O.  Box  951 

San  Leandro,  CA  94577-0095 


Peggy  Brown 
Blacks  Canyon  Ranch 
Box  307 
Canby,  CA  96015 


Frances  Clark 
P.O.  Box  186 
Princeton,  CA  95970 


J.  Dale  Dennis 

Fall  River  Wild  Trout  Foundation 

39863  McArthur  Road 

Fall  River  Mills,  CA  96028 


Rosemary  Butte 

8988  Peidras  Trail 

Morongo  Valley,  CA  92256-9568 


Ken  Collins 

Ken  J.  Collins  Company 

P.O.  Box  1 

Trinity  Center,  CA  96091 


John  Denton 
2507  Gettle  Street 
Klamath  Falls,  OR  97603 


Elizabeth  Byrne-Shirley 
35350  Highway  50 
Malin,  OR  97632 


Shan  Collins 

340  N.  Kenwood  Street,  Apt.  307 

Glendale,  CA  91206 


Louie  Dewey 
SCEDC  Board  Member 
4727  Dunsmuir  Avenue 
Dunsmuir,  CA  96025 


Marianne  Cabot 

P.O.  Box  61 1 

Fort  Jones,  CA  96032 


J.K.  Covington 

Butte  Valley  Chamber  of  Commerce 

P.O.  Box  541 

Dorris,  CA  96023 


Tom  Dimitre 
901  Beach 
Ashland,  OR  97520 


Anna  Carter 
3125  Carvel  Drive 
Santa  Rosa,  CA  95405 


Richard  Cowardin 

Cascade  World  4  Season  Resort 

1019  North  Street 

Yreka,  CA  96097 


Vernon  Dinnel 
Star  Route 
Tulelake,  CA  96134 


Dan  Chai 

Adams  &  Broadwell 

651  Gateway  Blvd,  Suite  900 

South  San  Francisco,  CA  94080 


Richard  Cross 
Alexander  &  Karshmer 
2150  Shattuck  Ave.,  Suite  725 
Albany,  CA  94704 


Alice  Doremus 

USFS,  Deschutes  National  Forest 
1230  NE  Third  St.,  Suite  A262 
Bend,  OR  97701 


Jack  Chase 
P.O.  Box  33 
Scott,  Bar  96085 


Palmer  Currey 

9220  Shadow  Brook  Place 

Granite  Bay,  CA  95746 


Craig  Dorman 

Lava  Beds  National  Monument 

P.O.  Box  867 

Tulelake,  CA  96134 


Art  Cherry 
P.O.  Box  199 
Macdoel,  CA  96058 


George  Dana 

P.O.  Box  63 

Birds  Landing,  CA  94512 


Leonard  Dowty,  Jr. 
P.O.  Box  274 
Tulelake,  CA  96134 


Clancy  Dutra 
Siskiyou  County  Sup.  D1 
8332  Fifth  Avenue 
Montague,  CA  96064 


Laura  Fujii 

U.S.  EPA  -  Region  9,  E-3-1 
75  Hawthorne  Street 
San  Francisco,  CA  94706 


Robert  Haggard 
P.O.  Box  1288 
Alturas,  CA  96101 


H.  Woody  Elliott 

California  Dept.  of  Parks  and  Recreation 

400  Glen  Drive 

Oroville,  CA  95966 


John  Geddie 

8040  Bellamah  Court,  NE 

Albuquerque,  NM  87110 


Jayne  Hague/Ruth  Siguenza 
U.S.  EPA,  Region  10 
1200  Sixth  Avenue,  ECO-088 
Seattle,  WA  98101 


Steve  Evans 
Friends  of  the  River 
128  J.  Street,  2nd  Floor 
Sacramento,  CA  95814-2207 


Amy  Gilreath 

Far  Western  Anthropological  Research 

Group,  Inc. 

P.O.  Box  413 

Davis,  CA  95617-0413 


Marjorie  Hazelwood 
Mayor,  City  of  Dorris 
P.O.  Box  147 
Dorris,  CA  96023 


George  Faggella 
1025  Deodar  Way 
Redding,  CA  96003 


Bill  Glodowaki 
3321  Patterson 
Klamath  Falls,  OR  97603 


Larry  Heame 
H.C.  60,  Box  8 
Tulelake,  CA 


Betty  Faist 

1216  Cedarbrook  Way 

Sacramento,  CA  95831 


Harold  Goettsch 
P.O.  Drawer  G 
Norwalk,  CA  90650 


Michael  Hendryx 
Siskiyou  County  Museum 
910  S.  Main  Street 
Yreka,  CA  96097 


Richard  Ferguson 

Coalition  for  Energy  Efficiency  and 

Renewable  Technology 

1100  11th  Street,  Suite  311 

Sacramento,  CA  95814 


Dave  Gravenkamp 
Siskiyou  County  Public  Works 
305  Butte  Street 
Yreka,  CA  96097 


Bob  Hensley 
P.O.  Box  487 
Dorris,  CA  96023 


Mary  Ann  Finocchi 

O.T.N.A. 

P.O.  Box  1127 

Monterey,  CA  93942-1127 


Deborah  Lynn  Gregory-Fiske 

P.O.  Box  51 1 

Dunsmuir,  CA  96025-051 1 


Robert  Hensley 

California  -  Oregon  Telephone  Company 

P.O.  Box  847 

Dorris,  CA  96023-0847 


Dennis  Freeman 

College  of  the  Siskiyous  Library 

800  College  Avenue 

Weed,  CA  96094 


Patrick  Griffin 

Siskiyou  County  Air  Pollution  Control 

District 

525  South  Foothill  Drive 

Yreka,  CA  96097-3090 


Ryan  Henson/Jim  Eaton/Kathleen 
California  Wilderness  Coalition 
2655  Portage  Bay  E.,  Suite  5 
Davis,  CA  95616 


John  Fritz 

5320  S.  Mulligan  Avenue 

Chicago,  IL  60638 


Thomas  Grose 
2001  Washting  Cr. 
Golden,  CO  80401 


Wally  Herger 

U.S.  House  of  Representatives 
41 0  Hemsted  Drive,  Suite  1 1 5 
Redding,  CA  96002 


K.  Fueston 

Siskiyou  County  Library 
719  4th  Street 
Yreka,  CA  96097 


Patrick  Gulledge 
650  El  Centra  Road 
El  Sobrante,  CA  94803 


Eric  Herrick 

Siskiyou  Economic  Development  Council 

1512  South  Oregon 

Yreka,  CA  96097 


Richard  Hester 
110  South  4th  Street 
Montague,  CA  96064 


Marvin  Janzen 
6098  Avenue  #422 
Reedley,  CA  93654 


Redith  Kleinebecker 
P.O.  Box  129 
MacDoel,  CA  96508 


Pamela  Hewitt 
Springfield  Utility  Board 
P.O.  Box  300 
Springfield,  OR  97477 


Grant  Jensen 

California  Dept.  of  Parks  and  Recreation 
1416  9th  Street,  Room  1431 
Sacramento,  CA  94296 


Paul  Kluth 

Box  610 

Mammoth  Lakes,  CA  93546 


Brian  Hill 

7294  Churn  Creek  Road 

Redding,  CA  96002 


David  Johnson 
Consultant  Forester 
1639  Derby  Lane 
Redding,  CA  96002 


C.  Koppenhafer 
P.O.  Box  389 
Dorris,  CA  96023 
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P.O.  Box  84 
Merrill,  OR  97633 
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204  South  Court  St.,  Room  106 
Alturas,  CA  96101 


Thomas  Krauel 
1203  Thomason  Lane 
Alturas,  CA  96101 


Richard  Hoops 

BLM 

P.O.  Box  12000 

Reno,  NV  89520-0006 
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1 655  Manitoba  Drive 

Sunnyvale,  CA  94087 


Susan  Kreizenbeck 
1346  Matthew  Drive 
Yuba  City,  CA  95993 


Burton  Hoyle 
530  Union  Street 
Areata,  CA  95521 


William  Jones 
Library,  CSUC 
400  West  1st  Street 
Chico,  CA  95929 


John  Laclau 
P.O.  Box  647 
Dorris,  CA  96023 


Howard  Hutchinson 
P.O.  Box  125 
Glenwood,  NM  88039 


Bryan  Kenyan 

Plumbers  and  Pipefitters  Local  662 

900  Locust  Street 

Redding,  CA  96001 


Rosemarie  LaPorta 
25  Peacock  Court 
San  Rafael,  CA  94901 


Wes  Irwin 

c/o  B.  Hodder 

16760  Seminole  Road,  NE 

PnnlRhn   WA   9R.T7n 


Todd  Kepple 

Klamath  Falls  Herald  &  News 

P.O.  Box  788 

Klamath  Falls,  OR  97601 


Robert  Larsen 
1155  Hilltop  Drive 
Redding,  CA  96003 


Jeanerette  Jacups-Johnny 
Karuk  Cultural  Rep. 
P.O.  Box  389 
Orleans,  CA  95556 


Scott  Kestler 

Modoc  County  Planning  Department 

202  West  Fourth  Street 

Alturas,  CA  96101 


Barbara  and  Phil  Leitner 
Leitner  Biological  Consulting 
2  Parkway  Court 
Orinda,  CA  94563 


Karin  James 

Forest  Preservation  Society  So.  Cal. 

P.O.  Box  266 

Glendale,  CA  91209-0266 


Akimi  King 

U.S.  Fish  and  Wildlife  Service 

Klamath  Basin  Ecosystem  Restoration 

6600  Washburn  Way 

Klamath  Falls,  OR  97603-9365 


Jim  Linebaugh 
Resource  Concepts,  Inc. 
3  Yhvona  Drive 
Carson  City,  NV  89706 


Len  Linstrand 

W.M.  Beaty  and  Associates 

P.O.  Box  898 

Redding,  CA  96099-0898 


Mark  Merrithew 
5341  DunsmuirAve 
Dunsmuir,  CA  96025 


Bryan  Nassabi 

Box  132 

Macdoel,  CA  96058 


Pete  &  Laurel  Lorenzen 
1108  Day  Road 
McArthur,  CA  96056 


John  Miller 

928  Oak  Ridge  Road 

Los  Gatos,  CA  95030 


Harold  Neibling 
350  Empire  Landing 
Long  Beach,  CA  90803 


Jerome  Lukas 

Consultants  in  Engineering  Acoustics 

25DrummSt.,Suite202 

San  Francisco,  CA  941 1 1 


Patrick  Miller 

2M  Associates 

Box  7036,  Landscape  Station 

Berkeley,  CA  94707 


Bill  Nowdesha 

1001  Mill  Creek  Road 

Scott  Bar,  CA  96085 


Dennis  Maria/Jim  Whelan 
California  Dept.  of  Fish  and  Game 
1625  S.  Main  Street 
Yreka,  CA  96097 


Ray  Miller 

P.O.  Box  475 

Mt.  Shasta,  CA  96067 


Olga  Orr 

7470  Seneca  Place 

La  Mesa,  CA  91941 


Dave  McClain 

CE  General  Corp. 

34  NW  First  Ave.,  Suite  302 

Portland,  OR  97209 


Alden  Moffat 
6400  Hwy  66 
Ashland,  OR  97520 


Thomas  Orr 
2091 1  Thorn  Lane 
Redding,  CA  96003 


Carol  McKay 
BUTTE  VALLEY  STAR 
P.O.  Box  708 
Dorris,  CA  96023 


Moksah 

4457  Stern  Avenue 
Sherman  Oaks,  CA  91423 


John  Owens 
Sierra  Pacific  Power  Co. 
P.O.  Box  10100 
Reno  NV,  89520 


Don  McKenzie 
P.O.  Box  2570 
Hollywood,  CA  90078 


Paul  Molder 
Star  Route,  Box  7 
Tulelake,  CA  96134 


Felice  Pace 

Klamath  Forest  Alliance 
P.O.  Box  820 
Etna,  CA  96027 


Don  McKenzie 

621 2  53rd  Ave.,  NW 

Seattle,  WA  98115 


Charles  Moss 

2204  Pine  Grove  Drive 

Mt.  Shasta,  CA  96067 


John  Pedersen 
Modoc  County  Road  Dept. 
202  West  4th 
Alturas,  CA  96101 


Robert  Medley 
910  Sierra  Vista 
Redding,  CA  96001 


Patrick  Muffler 

USGS 

345  Middlefield  Road,  MS  910 

Menlo  Park,  CA  94025-3561 


Dominic  Perello 

Sierra  Club  -  Santa  Lucia  Chapter 

1591  Slack  Street 

San  Luis  Obispo,  CA  93405-1963 


Joel  Medlin 

U.S.  Fish  and  Wildlife  Service 
3310  El  Camino  Ave.,  Suite  130 
Sacramento,  CA  95821  -6340 


J.  Fraser  Muirhead 
49  Seafirth  Place 
Tiburon,  CA  94920 


Thomas  Phair 

1 0  Avenida  De  Orinda 

Orinda,  CA  94563 


Sami  Jo  Pohlman 

Shasta  Tribe 

P.O.  Box  12 

Happy  Camp,  CA  96039 


Santa  Fe  Ryan 

Box  234 

Midland,  OR  97634 


Lawrence  Smith 

91  Powwow  River  Road 

East  Kingston,  NH  03827 


David  Porter  Misso 
Route  2,  Box  142A 
Tulelake,  CA  96134 


Alan  Schmierer 

Planning  Team 

Pacific  Great  Basin  System  Support 

600  Harrison,  Suite  600 

San  Francisco,  CA  94107-1372 


Ronald  Smith 
Route  1 ,  Box  59-A 
Bishop,  CA  93514-9703 


Kevin  Rafferty 

Oregon  Institute  of  Technology 

Geo  Heat  Center 

3201  Campus  Drive 

Klamath  Falls,  OR  97601 


Carl  Schwarzenberg 
7800  French  Creek  Road 
Etna,  CA  96027 


Russell  Smith 
P.O.  Box  552 
Tulelake,  CA  96134 


Barbara  Rauenzahn 

477  Ash  Street 

Los  Osos,  CA  93402 


Robert  Scott 
711  South  Street 
Yreka,  CA  96097 


Sydney  Smith 
P.O.  Box  419 
Cedarville,  CA  96104 


Ken  Reed 
P.O.  Box  1131 
Bishop,  CA  93515 


George  Setzer 
Timber  Mountain  Store 
Tionesta 
Tulelake,  CA  96134 


Jan  Sorochtey  &  Cliff  Harvey 
1  Little  Hot  Springs  Road 
McArthur,  CA  96056 


Tom  Reed 

U.S.  Fish  and  Wildlife  Service 
Klamath  Basin  EcoReqion 
6600  Washburn  Way 
Klamath  Falls,  OR  97603 


Eleanor  Shaw 

Sacramento  Bee,  State  Editor 
P.O.  Box  15779 
Sacramento,  CA  95852 


Mike  Sotelo 

California  Dept.  of  Boating  and  Waterways 

1629  US' Street 

Sacramento,  CA  95814 


Mark  Reina 

California  Dept.  of  Forestry  and  Fire 

Protection 

P.O.  Box  128 

Yreka,  CA  96097 


Rachel  Shimshak 
Renewable  Northwest  Project 
1 130  SW  Morrison,  Suite  330 
Portland,  OR  97205 


Ira  Stanley 
Star  Route 
Tulelake,  CA  96134 


Maurice  Richard 

Calpine  Corporation 

50  W.  San  Fernando  Street  #550 

San  Jose,  CA  95113 


Dennis  Simontacchi 
759  South  T  Street 
Lakeview,  OR  97630-1621 


Eric  Steger 

UNOCAL  -  Geothermal  Division 

P.O.  Box  6854 

Santa  Rosa,  CA  95401 


Fred  Rinne 

363  W.  Bissell  Avenue 

Richmond,  CA  94801 


Charles  Smith 

Pacific  Northwest  District  Council 

Carpenters 

24  1/2  South  Grape  Street 

Medford,  OR 


Dr.  &  Mrs.  Daniel  Steinberg 
4174  Pomona  Way 
Livermore,  CA  94550 


Darrel  Roe 

1002  Hillside  Drive 

Weed,  CA  96094 


Joan  Smith 
P.O.  Box  677 
Montague,  CA  96064 


Peter  Stent 

3000  Sand  Hill  Road,  Building  Four,  #190 

Menlo  Park,  CA  94025 


James  Stokes 

7294  Churn  Creek  Road 

Redding,  CA  96002-4093 


Rachel  Thomas 

Box  4637 

Huachuca  City,  AZ  85616 


Ronald  Voss 
Sierra  Pacific  Industries 
P.O.  Box  996014 
Redding,  CA  96099 


Rudi  Stutz 

2008  Seiad  Creek  Road 

Seiad  Valley,  CA  96086 


Les  Thompson 

Chairman,  Board  of  Supervisors 

1415  Melody  Lane 

Bisbee,  AZ  85603 


Brent  Wallace 

Siskiyou  County  Administrator 

P.O.  Box  750 

Yreka,  CA  96097 


David  Suder 

Precise  Environmental  Consultants 

3116  Becan  Bay  Place 

Davis,  C A  95616 


Dale  Thornburgh 
Humboldt  State  University 
Forestry  Department 
Areata,  CA  95521 


Robert  Wallace  &  Marj  Ottenberg 
Polar  Equipment 
12881  Foothill  Lane 
Saratoga,  CA  95070 


Doug  Swanston 
USFS,  Region  10- TLMP 
8465  Old  Dairy  Road 
Juneau,  AK  99801 


Chuck  Timberman 
P.O.  Box  345 
Grenada,  CA  96038 


Bob  Wallen 

California  Dept.  of  Forestry 

P.O.  Box  128 

Yreka,  CA  96097 


Edward  Syrjala 
P.O.  Box  149 
Centerville,  MA  02632 


Irvin  Toler 

Consulting  Forester/Engineer 

Box  2470 

Burney,  CA  96013-2470 


Barney  Ward 

California  Dept.  of  Forestry  and  Fire 

Protection 

702  East  8th  Street 

Alturas,  CA  96101 


Robert  Tadina 
P.O.  Box  376 
Mt.  Shasta,  CA  96067 


Alice  Tseng 
6801  Trojan  Court 
Moorpark,  CA  93021 


Abner  Weed 
Gazalle  School 
11 120  Apache  Road 
Montague,  CA  96064 


Elton  and  Caroline  Taft 
6725  Andrews  Road 
Dorris,  CA  96023 


George  Turnbull 

National  Park  Service 

Pacific  West  Field  Area 

600  Harrison  Street,  Suite  600 

San  Francisco,  CA  94107-1372 


Larry  Wehmeyer 
P.O.  Box  445 
Grenada,  CA  96038 


Harry  Taylor 
P.O.  Box  432 
Yreka,  CA  96097 


Susan  Turney 
220  Hatchery  Road 
Penngrove,  CA  94951 


Wendy  Weimer 
16502  Joey  Court 
Grass  Valley,  CA  95949 


Tim  Taylor 

DeCuir  &  Somach 

400  Capitol  Mall,  Suite  1900 

Sacramento,  CA  95814-4407 


Jim  Vancura 
RCD  Coordinator 
P.O.  Box  785 
Dorris,  CA  96023 


Terry  Weiss 

California  Dept.  of  Fish  and  Game 

601  Locust  Street 

Redding,  CA  96001 


Dotty  Theodoratus 
8526  Rolling  Green  Way 
Fair  Oaks,  CA  95628 


Andrew  Verdi 
Sierra  Club  Member 
200  Mayhew  Way 
Walnut  Creek,  CA  94596 


Vivian  Wells 
6324  Shasta  Way 
Klamath  Falls,  OR  97603 


Peter  West 

Renewables  Northwest  Project 
11 30  SW  Morrison  #330 
Portland,  OR  97205 


Dudley  Zoller 

California  Native  Plant  Society 

139  Walters  Lane 

Yreka,  CA  96097 


Howard  Whitaker 

2041  Campton  Circle 

Gold  River,  CA  95670-8301 


Roger  Zwanziger 
P.O.  Box  10 
Weed,  CA  96094 


Richard  Wickstrom 
209  Marion  Avenue 
Mill  Valley,  CA  94941 


Dale  Wierman 

California  Dept.  of  Forestry  and  Fire 

Protection 

P.O.  Box  944246 

Sacramento,  CA  94244-2460 

Tom  Woods 

State  Assemblyman 

100  East  Cypress,  Suite  100 

Redding,  CA  96002 


Chuck  &  Shirl  Woodson 
P.O.  Drawer  867 
Dorris,  CA  96023 


Roy  and  Diane  Woodson 
Route  2,  Box  80 
Tulelake,  CA  96134 


Phil  Woodward 
4340  Eureka  Way 
Redding,  CA  96001 


Ivan  Young 

Siskiyou  County  Board  of  Supervisors 

P.O.  Box  338 

Yreka,  CA  96097 


Ivan  Young 

Siskiyou  County  Sup.  Dist. 
4109  Alpine  Drive 
Dunsmuir,  CA  96025 


Mailing  List  for  Final  EIS/EIR 


Tennant  Service  District 
Holm  Hall,  13515  Tennant  Road 
Tennant,  CA  96058 


Cottonwood  Enterprises 

Box  456 

Cottonwood,  CA  96022 


California  Dept.  of  Fish  and  Game 
Wildlife  Management 
1416 -9th  Street 
Sacramento,  CA  95814 


KRGG 

General  Delivery 
Somes  Bar,  CA  95586 


Modoc  County  Library 
212  West  3rd  Street 
Alturas,  CA  96101 


Colorado  State  University 
Documents  Dept.  -  Libraries 
Ft.  Collins,  Co  80523 


Monchamp  Corporation 

P.O.  Box  385 

Bieber,  CA  96009-0385 


Mt.  Shasta  Chamber  of  Commerce 

300  Pine  Street 

Mt.  Shasta,  CA  96067 


USFS,  Custer  National  Forest 
2602  First  Avenue  N. 
Billings,  MT  59101 


Klamath  River  Chamber  of  Commerce 

P.O.  Box  25 

Klamath  River,  CA  96050 


Siskiyou  County  Clerk 
31 1  4th  Street,  2nd  Floor 
Yreka,  CA  96097 


USFS,  Fremont  National  Forest 
34  North  "D"  Street 
Lakeview,  OR  97603 


Pacific  Rivers  Council 
P.O.  Box  10798 
Eugene,  OR  97440 


Modoc  County  Board  of  Supervisors 
P.O.  Box  131 
Alturas,  CA  96101 


Ft.  Bidwell  Indian  Comm.  Council 

P.O.  Box  129 

Ft.  Bidwell,  CA  96112 


USFS,  Shasta-Trinity  National  Forest 
Environmental  Coordinator 
2400  Washington  Ave. 
Redding,  CA  96001 


Tulelake  National  Wildlife  Refuge 
Route  1 ,  Box  74 
Tulelake,  CA  96134 


Lassen  County  Board  of  Supervisor 
220  S.  Lassen  Street 
Susanville,  CA  96130 


No.  Calif.  Native  Amer.  Basketweavers  & 

Gatherers  Assoc. 

P.O.  Box  37 

Orleans,  CA  95556-0037 


Beak  Consultants 

4600  Northgate  Blve.,  #215 

Sacramento,  CA  95834 


Lassen  County  Road  Dept. 
707  Nevada  Street 
Susanville,  CA  96130 


Chairperson 

Quartz  Valley  Indian  Community 

9117  Sniktaw  Lane 

Fort  Jones,  CA  96032 


Big  River  Associates 
18451  Orr  Springs  Road 
Ukiah,  CA  95482 


McGarva  Ranch 

Box  126 

Likely,  CA  96116 


State  Clearinghouse,  Office  of  Planning 
and  Research 
1400  Tenth  Street  #121 
Sacramento,  CA  95814 


Big  Valley  Joint  Unified 
P.O.  Drawer  157 
Bieber,  CA  96009 


National  Audubon  Society 
700  Broadway  -  Floor  2 
New  York,  NY  1003 


National  Wildlife  Federation 
1400 -16th  St.,  NW 
Washington,  DC  20036 


Butte  Valley  Indian  Council 
P.O.  Box  652 
Dorris,  CA  96023 


E.J.  Louie  &  Sons 
5208  E.  Louie  Road 
Montague,  iCA  96064 


OR  State  Dept.  of  Fish  &  Wildlife 
1400  Miller  Island  Rd.,  West 
Klamath  Falls,  OR  97603 


California  Farm  Bureau  Federation 
National  Affairs/Research 
1601  Exposition  Blvd. 
Sacramento,  CA  95815 


Medford  Mail  Tribune 
6th  and  Fir  Street 
Medford,  OR  97501 


Roy  Ferry  &  Sons 
Box  1762 
Alturas,  CA  96101 


Economic  Development  Council 
1512  South  Oregon  Street 
Yreka,  CA  96097-3424 


No.  Calif.  Committee  for  Environmer 
Services 
P.O.  Box  761 
Berkeley,  CA  94701 


Saltman  &  Stevens,  P.C. 

1800  M  St.,  NW,  Suite  700  South 

Washington,  DC  20036 


Eureka  Times-Standard 
P.O.  Box  3580 
Eureka,  CA  95501 


Sierra  Club,  Shasta  Group 
P.O.  Box  2294 
Redding,  CA  96099 


U.C.  Berkeley  -  Forestry 
145  Mulford  Hall 
Berkeley,  CA  94720 


Fruitgrowers  Supply  Co. 
P.O.  Box  7888 
VanNuys,  CA  91409 


Siskiyou  County  Agriculture  Commil 
525  Foothill  Drive 
Yreka,  CA  96097 


Western  Forest  Industries  Assn. 
1 500  SW  Taylor  St. 
Portland,  OR  97205 


Humboldt  State  University 

Center  for  Indian  Community  Development 

Areata,  CA  95521 


Stanford  Law  School 
Environmental  Law  Society 
Stanford,  CA  94305 


Wilderness  Watch 
P.O.  Box  9175 
Missoula,  MT  59807 


Karuk  Tribe  of  California 

P.O.  Box  1016 

Happy  Camp.  CA  96039 


Western  Environmental  Law  Center 
1216  Lincoln  Street 
Eugene,  OR  97401 


Siskiyou  Daily  News 
P.O.  Box  129 
Yreka,  CA  96097 


Karuk  Tribe  of  California 

P.O.  Box  71 6 

Happy  Camp,  CA  96039 


Willits  Environmental  Center 
316  S.  Main  Street 
Willits,  CA  95490 


BCHC  -  Redwood  Unit 

P.O.  Box  6023 

Eureka,  CA  95502-6023 


Robert  Leathers 
P.O.  Box  1035 
Susanville,  CA  96130 


Winthrop  &  Winthrop 
P.O.  Box  401 
Ashland,  OR  97520 


Yale  Law  School 

Forest  Management  Study  Group 

Box  401 -A  Yale  Station 

New  Haven,  CT  06520 


USFS,  Galice  Ranger  District 

ATTN:  Planning 

1465  NE  7th 

Grants  Pass,  OR  97526 


USFS,  Pacific  Northwest  Research 

Station 

P.O.  Box  3890 

Portland,  OR  97208 


BLM 

Redding  Resource  Area 
355  Hemsted  Drive 
Redding,  CA  96002 


USFS,  Illinois  Valley  Ranger  District 
26568  Redwood  Highway 
Cave  Junction,  OR  97523 


USFS,  Pacific  Southwest  Research 

Station 

P.O.  Box  245 

Berkeley,  CA  94701-0245 


California  Dept.  of  Fish  and  Game 
Natural  Areas  Program 
1416  9th  Street 
Sacramento,  CA  95814 


USFS,  Lassen  National  Forest 
55  S.  Sacramento  Street 
Susanville,  CA  960130 


USFS,  Plumas  National  Forest 
ATTN:  Planning 
P.O.  Box  11500 
Quincy,  CA  95971 


USFS,  Angeles  National  Forest 
701  N.  Santa  Anita  Ave. 
Arcadia,  CA  91006 


USFS,  Lower  Trinity  Ranger  District 

P.O.  Box  68 

Willow  Creek,  CA  95573 


USFS,  Region  1 
ATTN:  LMP 
P.O.  Box  7669 
Missoula,  MT  59807 


USFS,  Applegate  Ranger  District 
6941  U.  Applegate  Road 
Jacksonville,  OR  97530 


USFS,  Lake  Tahoe  Basin  Management 

Unit 

870  Emerald  Bay  Road,  Suite  1 

South  Lake  Tahoe,  CA  96150 


USFS,  Region  2 
ATTN:  LMP 
740  Simms  Street 
Lakewood,  CO  80401 


USFS,  Ashland  Ranger  District 
645  Washington  Avenue 
Ashland,  OR  97520 


USFS,  Los  Padres  National  Forest 
6144  Calle  Real 
Goleta,  CA  93117 


USFS,  Region  3 

ATTN:  LMP 

Fed.  Bldg.,  517  Gold  Ave.,  SW 

Albuquerque,  NM  87102 


USFS,  Cleveland  National  Forest 
10845  Rancho  Bernardo  Road,  Suite  200 
San  Diego,  CA  92127-2107 


USFS,  Mendocino  National  Forest 
825  N.  Humboldt  Avenue 
Willows,  CA  95988 


USFS,  Region  4 

ATTN:  LMP 

Federal  Building,  324  25th  St. 

Ogden,  UT  84401 


USFS,  Eldorado  National  Forest 
lOOFomi  Road 
Placerville,  CA  95667 


USFS,  Mt.  Shasta  Ranger  District 

ATTN:  Planning 

204  West  Alma 

Mt.  Shasta,  CA  96067 


USFS,  Region  6 
ATTN:  LMP 
P.O.  Box  3623 
Portland,  OR  97208 


USFS,  Fremont  National  Forest 
524  N.  "G"  Street 
Lakeview,  OR  97630 


USFS,  Orleans  Ranger  District 

ATTN:  Planning 

Drawer  B 

Orleans,  CA  95556 


USFS,  Region  8 
ATTN:  LMP 

1720  Peachtree  Road  NW 
Atlanta,  GA  30367 


USFS,  Region  9 

ATTN:  LMP 

310  W.  Wisconsin  Ave.,  Room  500 

Milwaukee,  Wl  53203 


USFS,  Umpqua  National  Forest 
ATTN:  Planning 
P.O.  Box  1008 
Roseburg,  OR  97470 


University  of  Minnesota 

B50  NR  Admin  Bldg- Forestry  Library 

2003  Upper  Buford  Circle 

St.  Paul,  MN  55108-6146 


USFS,  Rogue  River  National  Forest 
ATTN:  Planning 

Fed.  Bldg.,  333  W.  8th,  Box  520 
Medford,  OR  97501 


USFS,  Weaverville  Ranger  District 
ATTN:  Planning 
P.O.  Box  1190 
Weaverville,  CA  96093 


UCSC  College  8 
Environmental  Studies  Library 
1156  High  Street 
Santa  Cruz,  CA  95064 


USFS,  San  Bernardino  National  Forest 

ATTN:  Planning 

1824  S.  Comercenter  Circle 

San  Bernardino,  CA  92408-3430 


USFS,  Winema  National  Forest 

ATTN:  Planning 

2819  Dahlia 

Klamath  Falls,  OR  97601 


USDA  Natural  Resources  Conserva 

Service 

215  Executive  Court,  Suite  A 

Yreka,  CA  96097 


USFS,  Sequoia  National  Forest 
ATTN:  Planning 
900  W.  Grand  Avenue 
Porterville,  CA  93257-5780 


Jackson  County  Board  of  Supervisors 
County  Courthouse 
Medford,  OR  97501 


Siskiyou  County  Health  Dept. 
806  S.  Main  Street 
Yreka,  CA  96097 


USFS,  Sierra  National  Forest 
ATTN:  Planning 
1600  Tollhouse  Road 
Clovis,  CA  93611-0532 


California  Research  Bureau 
California  State  Library 
P.O.  Box  942837 
Sacramento,  CA  94237-001 


Trinity  County  Board  of  Supervisors 
P.O.  Drawer  1258 
Weaverville,  CA  96093 


USFS,  Siskiyou  National  Forest 

ATTN:  Planning 

P.O.  Box  440 

Grants  Pass,  OR  97526 


Humboldt  County  Library 
1313 -3rd  Street 
Eureka,  CA  95501 


Advisory  Council  on  Historic  Preser 
Office  of  Program  Review  and  Educ 
1100  Pennsylvania  Ave.,  NW,  Roorr 
Washington,  DC  20004 


USFS,  Six  Rivers  National  Forest 

ATTN:  LMP 

1330  Bayshore  Way 

Eureka,  CA  95501 


Jackson  County  Library  System 
413  W.  Main  Street 
Medford,  OR  97501 


USDA  OPA  Publications  Stockroom 
Room  A-325,  South  Building 
Washington,  DC  20250 


USFS,  Stanislaus  National  Forest 
ATTN:  Planning 
19777  Greenley  Road 
Sonora,  CA  95370 


Siskiyou  County  Law  Library 
31 1  Fourth  Street 
Yreka,  CA  96097 


Deputy  Dir.  BBEP,  EAD  &  APHIS 
USDA  Federal  Building 
6505  Belcrest  Road 
Hyattsville,  MD  20782 


USFS,  Tahoe  National  Forest 

ATTN:  Planning 

P.O.  Box  6003 

Nevada  City,  CA  95959-6003 


Southern  Oregon  State  College  Library 
1250  Siskiyou  Blvd. 
Ashland,  OR  97520 


Rural  Electrification  Administration 

Environmental  Compliance  Branch, 

1263 

Washington,  DC  20250 


Region  VI!  -  Western  Director 
317  South  7th  Street 
Klamath  Falls,  OR  97603 


Asst.  Secretary  for  Policy 

Dept  of  Trans,  Env.  Div  (P-14)  Rm  9217 

400  7th  Street,  SW 

Washington,  DC  20590 


Nature  Conservancy 
1234  NW  25th  Avenue 
Portland,  OR  97210-2476 


Head,  Acquisitions  &  Serials  Branch 
USDA,  Nat'l  Agricultural  Library 
10301  Baltimore  Blvd. 
Beltsville,  MD  20705 


U.S.  Coast  Guard,  Env.  Impact  Branch 
Marine  Env.  &  Prot  Branch  G-MEP 
2100  2nd  Street,  SW 
Washington,  DC  20593 


Northwest  Environmental  Advocate 

3917NESkidmore 

Portland,  OR  97208 


National  Marine  Fisheries  Service 
Protected  Species  Div.  SW  Region 
501  West  Ocean  Blvd.,  Suite  4200 
Long  Beach,  CA  90802 


Federal  Aviation  Administration 
Western  Region,  Ofc  of  the  Reg.  Dir 
P.O.  Box  92007 
Worldway  Postal  Center 
Hawthorne,  CA  90009 


Marble  Mountain  Audubon 
P.O.  Box  820 
Etna,  CA  96027 


U.S.  Army  Engr  Div.,  So  Pacific,  CESWD 

21 1  Main  Street 

San  Francisco,  CA  94015 


Federal  Highway  Administration 
Region  9,  Regional  Administrator 
211  Main  Street,  Room  1100 
San  Francisco,  CA  94105 


Alturas  Chamber  of  Commerce 
522  S.  Main  Street 
Alturas,  CA  96101 


Dir.,  Ofc  of  Envir.  Compliance,  DOE 
Mail  code  EH-22,  Rm  3G092 
1000  Independence  Ave  SW 
Washington,  DC  20585 


Ofc  of  Trans  &  Reg.  Affairs 
Federal  Railroad  Admin.,  Env.  Div  P-14 
400  7th  Street,  SW 
Washington,  DC  20590 


Modoc  Record 
P.O.  Box  531 
Alturas,  CA  96101 


Advisor  on  Envir.  Quality 
FERC,  Env.  Compliance  Br.,  Rm  7312 
825  N.  Capitol  Street,  NE 
Washington,  DC  20405 


Research  &  Special  Program  Admin 
Federal  Railroad  Administration 
400  7th  Street,  SW 
Washington,  DC  20590 


Intermountain  News 
36965  Main  Street 
Bumey,  CA  96013 


General  Services  Admin 
Ofc  of  Planning  &  Analysis,  Rm  6331 
18th  &F  Streets,  NW 
Washington,  DC  20405 


USDA  -  Forest  Service 
Dir.  of  Environmental  Coord 
P.O.  Box  96090 
Washington,  DC  20090-6090 


RWQCB,  North  Coast 
5550  Skylane  Blvd.,  Suite  A 
Santa  Rosa,  CA  95403 


EnvOfcr,  U.S.  Dept  of  HUD 

Phillip  Burton  Fed.  Bldg  &  US  Courthouse 

P.O.  Box  36003 

San  Francisco,  CA  94102 


Greenpeace  Foundation 
P.O.  Box  10362 
Eugene,  OR  97440-2362 


California  Dept.  of  Conservation 
Division  of  Oil  and  Gas 
801  K  Street,  Floor  20,  MS-20-21 
Sacramento,  CA  95814 


U.S.  Dept.  of  Interior 
Office  of  Environmental  Affairs 
1849  "C"  St.,  NW,  MS-2340 
Washington,  DC  20240 


California  Public  Utilities  Commission 

505  Van  Ness  Avenue 

San  Francisco,  CA  94102-3214 


California  Dept.  of  Transportation, 
District  2 

1657  Riverside  Drive 
Redding,  CA  96001 


U.S.  Army  Corps  of  Engineers 
Sacramento  District 
1325  "J"  Street 
Sacramento,  CA  95814 


Ken  Alex 

Office  of  Attorney  General 
2101  Webster  Street 
Oakland,  CA  94612-3049 


Mark  Anderson 
Schmidbauer  Lumber  Inc. 
P.O.  Box  152 
Eureka,  CA  95502 


Native  American  Heritage  Commission 
915  Capital  Mall,  Rm  364 
Sacramento,  CA  95814 


Albert  &  Jo  Allard 
Independence  Bridge 
Happy  Camp,  CA  96039 


Lee  Anderson 

2305  Ashland  St.,  Suite  C-198 

Ashland,  OR  97520 


BLM,  State  Office 
2135Butano  Drive 
Sacramento,  CA  95825-0451 


D.C.  Allen 
Box  7000 
Anderson,  CA  96007 


Mark  Andre 
P.O.  Box  4452 
Areata,  CA  95521 


BLM,  Ukiah  District 
2550  North  State  Street 
Ukiah,  CA  95482 


Bob  Allen 

Burney  Forest  Products 
35586-B  Highway  299E 
Burney,  CA  96013 


Dick  Andrews 

USFS 

630  Sansome  Street 

San  Francisco,  CA  941 1 1 


USFS,  Regional  Office 
630  Sansome  Street 
San  Francisco,  CA  941 1 1 


Brian  Almquist 

City  of  Ashland,  City  Administrator 
City  Hall,  20  E.  Main  Street 
Ashland,  OR  97520-1849 


A.M.  Anspach,  Jr. 
1916  Vallejo  Way 
Upland,  CA  91784 


Jeff  Adams 

California  State  Lands  Commission 
200  Oceangate,  12th  Floor 
Long  Beach,  CA  90802-4331 


Fred  &  Candis  Aloisi 

Liberty  Mining,  Inc. 

1412  Iron  Street 

Truth  or  Consequences,  NM  87901 


John  Aquila 

214  Shasta  Avenue 

Mt.  Shasta,  CA  96067 


Paul  Aikins 

657  Mill  Street,  P.O.  Box  42 

Paisley,  OR  97636 


Steve  Anderson 
P.O.  Box  718 
Weed,  CA  96094 


Mildred  Aquila 
214  Shasta  Avenue 
Mt.  Shasta,  CA  96067 


Dale  Albaugh 

Box  1 33 

Adin,  CA  96006 


Douglas  Anderson 
California  Energy  Company,  Inc. 
302  South  36th,  Suite  400 
Omaha,  NE  68131 


Marcia  Armstrong 
Siskiyou  County  Farm  Bureau 
809  Fourth  Street 
Yreka,  CA  96097 


Ed  Albaugh 
Frosty  Acres 
P.O.  Box  142 
Adin,  CA  96006 


Lee  Anderson 

Pit  River  Tribes,  Hammawi  Band  Council 

157  North  Laguna 

Klamath  Falls,  OR  97603 


Glen  Arthur 

2564  Lakeshore  Drive 

Klamath  Falls,  OR  97601-9109 


Phil  Aune 

PSW  Range  &  Experience 
2400  Washington  Avenue 
Redding,  CA  96001 


Robert  Barnes 

Box  269 

Porterville,  CA  93258 


Joan  Belcher 

14857  Bancroft  Ave.,  #6 

San  Leandro,  CA  94578 


June  Avelar 

Pit  River  Tribes,  Madesi  Band  Council 
24845  Fort  Crook  Avenue  Apt.  31 
Fall  River  Mills,  CA  96028 


Rick  Barnum 

Siskiyou  County  Planning — Court 

House  Annex 

P.O.  Box  1085 

Yreka,  CA  96097 


Richard  Belcher 
1843  Silverwood  Drive 
Concord,  CA  94521 


Jim  Ayer 

Save  our  Skiing  and  KARE 

P.O.  Box  594 

Mt.  Shasta,  CA  96067 


Gina  Barr 
937  Millview 
Lakeview,  OR  97630 


Wally  Belding 

Pit  River  Tribes,  Hammawi  Band  Coi 

(Alternate) 

P.O.  Box  863 

Alturas,  CA  96101 


Melinda  &  Mark  Bailey 
1005  Bliss  Lane 
Garberville,  CA  95542 


Elmer  Bauer 
7012  Sophia  Ave. 
Van  Nuys,  CA  91406 


Nathan  Benjamin 

North  Coast  Environmental  Center 

879  -  9th  Street 

Areata,  CA  95521 


Bob  Baiocchi 

California  Sportfishing  Alliance 

P.O.  Box  357 

Quincy,  CA  95971 


Ann  Bauer 
P.O.  Box  9 
Forks  of  Salmon,  CA  96031 


Roy  Bergfors 
Mayor,  City  of  Weed 
P.O.  Box  470 
Weed,  CA  96094 


Larry  Ballew 
P.O.  Box  10 
Ahwahnee,  CA  93601 


William  Baumgartner 
P.O.  Box  57 
Lahonda,  CA  94020 


George  Bemhard 

P.O.  Box  747 

Happy  Camp,  CA  96039 


Tony  Baltic 

Rocky  Mountain  Station 
3825  E.  Mulberry 
Fort  Collins,  CO  80521 


James  Beck 

Yreka  Union  High  School  District 

431  Knapp  Street 

Yreka,  CA  96097 


Jim  Berry 

181  Humbug  Road 

Yreka,  CA  96097-2006 


Tom  Barb 

Mazamas  Conservation  Committee  Chair 

909  NW  1 9th  Avenue 

Portland,  OR  97209 


Dr.  Rudi  Becking 
1415  Virginia  Way 
Areata,  CA  95521-6855 


Charles  Best 
CA-NV  Snowmobile  Assn. 
19308  Maple  Avenue 
Weed,  CA  96094 


Anna  Barnes 

Pit  River  Tribes,  Aporige  Band  Council 

P.O.  Box  361 

Fall  River  Mills,  CA  96028 


Ken  Beeson 

Eugene  Water  &  Electric  Board 

P.O.  Box  10148 

Eugene,  OR  97440-2148 


Craig  Bettendorff 
Route  2,  Box  146 
Tulelake,  CA  96134 


David  Black 
Siskiyou  RCD 
5800  Eastside  Road 
Etna,  CA  96027 


Richard  Bournique 
Star  Route,  Hawk's  Nest 
Tulelake,  CA  96134 


John  Brown 

P.O.  Box  931 

Mt.  Shasta,  CA  96067 


Barbara  Black 
P.O.  Box  1045 
Happy  Camp,  CA  96039 


Joseph  Bower 

Citizens  for  a  Better  Forestry 

P.O.  Box  1510 

Hayfork,  CA  96041 


Arlie  Brown 

Pit  River  Tribes,  Kosealekte  Band  C 

(Alternate) 

301  South  Nagle  Street 

Alturas,  CA  96101 


Marian  Blakeney  &  Jack  Brownell 
2302  Town  Center  Drive 
Klamath  Falls,  OR  97601 


Dr.  Lee  Bowker 
Humboldt  State  University 
Dean,  CBSS 
Areata,  CA  95521 


Peggy  Brown 

Blacks  Canyon  Ranch 

Box  307 

Canby,  CA  96015 


Susan  Blevins/Erika  Kamp 
Environmental  Resource  Associates 
P.O.  Box  1885 
Alturas,  CA  96101 


Ralph  Bowman 
P.O.  Box  1556 
Alturas,  CA  96101 


Randy  Brown 

U.S.  Fish  and  Wildlife  Service 

P.O.  Box  630 

Lewiston,  CA  96054 


Greg  Blomstrom 

Siskiyou  Forestry  Consultants 

195  Our  Lane 

Areata,  CA  95521 


Barbara  Boxer 

U.S.  Senate 

Hart  Senate  Office  Bldg.,  Suite  112 

Constitution  Avenue  &  2nd  NE 

Washington,  DC  20510 


Ronald  Brown 

14984  Corona  Del  Mar 

Pacific  Palisades,  CA  90272 


Louis  Blumberg 

The  Wilderness  Society 

P.O.  Box  29241 

San  Francisco,  CA  94129-0241 


Paul  Brewer 
P.O.  Box  262 
Burney,  CA  96013 


Peter  Brucker 

Salmon  River  Concerned  Citizens 

P.O.  Box  577 

Forks  of  Salmon,  CA  96031 


Frances  Blumberg 
214  1-2  S.  Fuller  Ave. 
Los  Angeles,  CA  95521 


Constance  E.  Brooks  &  Assoc. 
1776  Lincoln  #101 
Denver,  CO  80203 


Peter  Brucker 

CCAP 

Box  610 

Forks  of  Salmon,  CA  96031 


Donnabelle  Boomgarden 
Shasta  Tribe 
P.O.  Box  100 
Macdoel,  CA  96058 


Paul  Brouha 

American  Fisheries  Society 
5410  Grosvenor  Lane 
Bethesda,  MD  20814 


Greg  Bryant 

National  Marine  Fisheries  Service 

1330  Bayshore 

Eureka,  CA  95501 


George  Bourke 

814  A  Caroline 

Mt.  Shasta,  CA  96067 


Charlie  Brown 
Fruit  Growers  Supply  Co. 
Fruit  Growers  Road 
Hilt,  CA  96044 


George  Buckingham 
Crater  Lake  National  Park 
P.O.  Box  7 
Crater  Lake,  OR  97604 


Floyd  Buckskin 

Pit  River  Tribes  (Cultural  Resources) 

P.O.  Box  617 

Fall  River  Mills,  CA  96028 


Rosemary  Butte 

8988  Peidras  Trail 

Morongo  Valley,  CA  92256-9568 


Lawrence  Cantrell 

Pit  River  Tribes  (Chairman) 

P.O.  Box  111 

Big  Bend,  CA  9601 1 


Rich  Burns 
BLM,  Alturas  RA 
708  West  12th  Street 
Alturas,  CA  96101 


Michael  Byrne 

Modoc  County  Cattlemen's  Assn. 
Route  1,  Box246AA 
Tulelake,  CA  96134 


Kenny  Carmony 
Pit  River  Nation,  lllmawi  Band 
P.O.  Box  Drawer  70 
Burney,  CA  96013 


Tim  Burton 

California  Dept.  of  Fish  and  Game 

6614  So.  Old  Hwy  99 

Yreka,  CA  96097 


Sheila  Byrne 

Pacific  Gas  &  Electric  Co. 
3400  Crow  Canyon  Road 
San  Ramon,  CA  94583 


Helen  Cartwright 
571 5  Castel 
Dunsmuir,  CA  96025 


Fred  Burton 
Forest  House  Ranch 
P.O.  Box  186 
Yreka,  CA  96097 


Elizabeth  Byrne-Shirley 
35350  Highway  50 
Malin,  OR  97632 


Fred  Case 
P.O.  Box  737 
Etna,  CA  96027 


F.M.  Busby 

338  Palmer  Drive 

Mt.  Shasta,  CA  96067 


Marianne  Cabot 

P.O.  Box  611 

Fort  Jones,  CA  96032 


Dave  Caulkins 
City  of  Yreka 
220  N.  Oregon  Street 
Yreka,  CA  96097 


Pam  Bush 

California  State  University 
Meriam  Library  Special  Collection 
Chico,  CA  95929 


Mac  Calhoun 

1486  43rd  Avenue 

San  Francisco,  CA  94122 


Ralph  Cavanagh 

Natural  Resources  Defense  Council 
71  Stevenson  St.,  Suite  1825 
San  Francisco,  CA  94105-2939 


Ronald  Bushey 

1 656  East  8th  Street 

Chico,  CA  95926 


Burce  Campbell 

614  Gretna  Green  Way 

Los  Angeles,  CA  90049 


Donna  Cawker 

Pit  River  Tribes  (Recording  Secretai 

P.O.  Box  329 

Shasta  Lake  City,  CA  96019 


Ray  Butler 

Box  3 

Tulelake,  CA  96134 


Jim  Canaday 
California  SWRCB, 
Div.  of  Water  Rights 
P.O.  Box  2000 
Sacramento,  CA  95812-2000 


Jack  Chase 
P.O.  Box  33 
Scott,  Bar  96085 


J.  Butler 

Pacific  Gas  &  Electric  Co. 

P.O.  Box  770000  -  Mail  code:N1 1C 

San  Francisco,  CA  94177 


Lawrence  Cantrell 
Pit  River  Tribes 
P.O.  Drawer  70 
Burney,  CA  96013 


Art  Cherry 
P.O.  Box  199 
Macdoel,  CA  96058 


Jay  Christensen 
5541  Gatewood  Drive 
Klamath  Falls,  OR  97603 


Ted  Condit 

P.O.  Box  348 

Happy  Camp,  CA  96039 


Martin  Coperhafner 
18168  Kingsport 
Malibu,  CA  90265 


Christopher  Christie 
14222  Lyons  Valley  Road 
Jamul,  CA  91935-1804 


Jerry  Cone 

8835  Cram  Gulch  Road 

Yreka,  CA  96097 


Al  Cornelius 
3417  Summit  Drive 
Mt.  Shasta,  CA  96067 


Eugene  Ciancanelli 
Cascadia  Ex.  Corp. 
3358  Apostol  Road 
Escondido,  CA  92025 


Matthew  Connelly 
500  Tamalpais  Avenue 
MillValley,  CA  94941 


H.W.  Cornwell 
Camp  3  Road 
Somes  Bar,  CA  95568 


Ray  Clark 
P.O.  Box  152 
Macdoel,  CA  96058 


Paul  Connor 

P.O.  Box  376 

Happy  Camp,  CA  96039 


J.K.  Covington 

Butte  Valley  Chamber  of  Commerce 

P.O.  Box  541 

Dorris,  CA  96023 


Frances  Clark 
P.O.  Box  186 
Princeton,  CA  95970 


Kevin  Conroy 

NRCS 

P.O.  Box  785 

Dorris,  CA  96023 


Richard  Cowardin 

Cascade  World  4  Season  Resort 

1019  North  Street 

Yreka,  CA  96097 


David  Coe 

Mt.  Shasta  Bioregional  Ecology  Center 

P.O.  Box  1143 

Mt.  Shasta,  CA  96067 


Mitchell  Construction 
P.O.  Box  172 
Castella,  CA  96017 


Ralph  Cox 
3747  Park  Road 
Sacramento,  CA  95841 


Dennis  Coleman 
6401  Brodie  Drive 
Newcastle,  CA  95658 


Gary  Cook 

Paul  Ehinger  &  Associates 
1200  High  Street,  Suite  22 
Eugene,  OR  97401 


James  Craine 

Timber  Association  of  California 
1311  I  Street,  Suite  100 
Sacramento,  CA  95814 


Ken  Collins 

Ken  J.  Collins  Company 

P.O.  Box  1 

Trinity  Center,  CA  96091 


James  Cook 
Great  Northern  Corp. 
P.O.  Box  20 
Weed,  CA  96094 


J.  Cramblit 

Karuk  Cultural  Representative 

P.O.  Box  389 

Orleans,  CA  95556 


Don  Collis 
P.O.  Box  476 
Alturas,  CA  96101 


Lori  Cooper 

Klamath  Forest  Alliance 
P.O.  Box  820 
Etna.  CA  96027 


William  Crooks 
RWQCB,  Central  Valley 
3443  Rouiter  Road 
Sacramento,  CA  95827 


Richard  Cross 
Alexander  &  Karshmer 
2150  Shattuck  Ave.,  Suite  725 
Albany,  CA  94704 


Brad  Darken 

California  Dept.  of  Forestry  and  Fire 

Protection 

P.O.  Box  128 

Yreka,  CA  96097 


Lynn  Delain 

407  Hudson  Street 

Oakland,  CA  94168 


Stephen  Cross 

Southern  Oregon  State  College 
Department  of  Biology 
Ashland,  OR  97520 


George  Darr/Kathy  Fisher 
Bonneville  Power  Administration 
P.O.  Box  3621 
Portland,  OR  97208-3621 


Rick  Delmas 
Modoc  Farm  Advisor 
202  West  4th 
Alturas,  CA  96101 


George  Crowell 
2038  Scala  Lane  So. 
Montague,  CA  960964 


Glen  Darrow 
Route  2,  Box  172 
Tulelake,  CA  96134 


Jim  DePree 

101  East  Alma,  Suite  100C 

Mt.  Shasta,  CA  96067 


Palmer  Currey 

9220  Shadow  Brook  Place 

Granite  Bay,  CA  95746 


Radley  Davis 

Pit  River  Tribes,  lllmawi  Band  Council 

(Alternate) 

1 1 50  Washington  Avenue 

Shasta  Lake  City,  CA  96019 


Louie  Dewey 
SCEDC  Board  Member 
4727  Dunsmuir  Avenue 
Dunsmuir,  CA  96025 


Robert  Curry 
University  of  California 
College  8 
Santa  Cruz,  CA  95064 


Jim  Dayton 
Wilderness  Watch 
P.O.  Box  527 
Happy  Camp,  CA  96039 


Chris  Difani 

California  Dept.  of  Forestry 
P.O.  Box  944246 
Sacramento,  CA  94244-2460 


Richard  &  Esther  Custer 
Cloud  "9"  Ranch 
P.O.  Box  73 
Scott  Bar,  CA  96085 


Mark  Dean 

Yreka  Chamber  of  Commerce 
117  W.  Miner  Street 
Yreka,  CA  96097 


Jim  Dillon 
City  Hall 
701  4th  Street 
Yreka,  CA  96097 


Bob  Dale 
A.F.S.E.E. 
P.O.  Box  11615 
Eugene,  OR  97440 


Jim  Deason 

222  SW  Columbia,  Suite  1400 

Portland,  OR  97201 


Tom  Dimitre 
901  Beach 
Ashland,  OR  97520 


Clifford  Dana 

P.O.  Box  52 

Birds  Landing,  CA  94512 


Delores  Degarmo 

Pit  River  Tribes,  Kosealekte  Band  Council 

P.O.  Box  235 

Fort  Bidwell,  CA  96112 


Vernon  Dinnel 
Star  Route 
Tulelake,  CA  96134 


George  Dana 

P.O.  Box  63 

Birds  Landing,  CA  94512 


William  DeJager 

P.O.  Box  951 

San  Leandro,  CA  94577-0095 


Nick  Dodge 

4609  SW  29th  Place 

Portland,  OR  97281 


Kenneth  Dollarhide 
P.O.  Box  467 
Alturas,  CA  96101 


Verle  Duckering 
P.O.  Box  3669 
Sunriver,  OR  97707 


Frank  Eadie 

Citizens  for  American  Forests 
310  West  18th  Street  #1B 
New  York,  NY  10011 


Alice  Doremus 

USFS,  Deschutes  National  Forest 
1230  NE  Third  St.,  Suite  A262 
Bend,  OR  97701 


Jerry  Duffy/Bruce  Olsen 
Roseburg  Forest  Products 
P.O.  Box  680 
Weed,  CA  96094-0680 


Chet  Eastlick 
P.O.  Box  592 
Etna,  CA  96027 


Craig  Dorman 

Lava  Beds  National  Monument 

P.O.  Box  867 

Tulelake,  CA  96134 


Mike  Duguay 

Stone  Forest  Industries,  Inc. 
38603  Highway  96 
Hamburg,  CA  96050 


Jim  Eckman 
Mayor,  City  of  Yreka 
326  3rd  Street 
Yreka,  CA  96097 


Bill  Doron 

41 9  Wetzel  Way 

Yreka,  CA  96097 


John  Duncan 
Portland  General  Electric 
1212  SW  Salmon  Street 
Portland,  CA  97204 


David  Edelson 

Natural  Resources  Defense  Council 
71  Stevenson  Street,  Suite  1825 
San  Francisco,  CA  94105-2939 


Mike  Dowling 
4600  Eastside  Road 
Etna,  CA  96027 


Angus  Duncan 

Northwest  Power  Planning  Council 
620  SW  5th  Ave.,  Suite  1100 
Portland,  OR  97204-1348 


Mark  Egger 

WA  Native  Plant  Society 
9521  49th  Ave.,  NE 
Seattle,  WA  98115 


Daniel  Downey 
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Helene  Lewis 
29203  Village  #29 
Camarillo,  CA  93010 


Parti  Lowe 

Greenhouse  Actions 
1 3848  29th  Ave.  South 
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P.O.  Box  217 
Sandy,  OR  97055 


Glenn  Malby 

Glass  Mountain  Pumice,  Inc. 
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P.J.  Manzer 

19226  Indian  Creek  Road 

Fort  Jones,  CA  96032 


Ed  McAuliffe 
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929  Meadow  Valley  Drive 

Mt.  Shasta,  CA  96067-9031 


Don  McKenzie 
P.O.  Box  2570 
Hollywood,  CA  90078 


Dennis  Martin 

USFS,  Inyo  National  Forest 
873  N.  Main  Street 
Bishop,  CA  93514 


Dave  McClain 
D.W.  McClain  &  Assoc 
9023  SW  176th  Avenue 
Beaverton,  OR  97007 


Don  McKenzie 
6212  53rd  Ave.,  NW 
Seattle,  WA  98115 


Peter  Martin,  III 
P.O.  Box  37 
Lakeside,  OR  97449 


Mavis  McCormic 
1815  Van  Ness  Avenue 
Klamath  Falls,  OR  97601-1842 


Doug  McKenzie 
285  Crestview  Drive 
Santa  Clara,  CA  95050 


Paul  Mason 

400  California  Avenue 

Areata,  CA  95521 


Dave  McCracken 
The  New  49ers,  Inc. 
P.O.  Box  47 
Happy  Camp,  CA  96039 


Deblyn  Mead 

Greystone  Environmental 
1211  "H"  Street.,  Suite  A 
Sacramento,  CA  95814-1912 


Tad  Mason 

Pacific  Wood  Fuels  Co. 
3085  Crossroads  Drive 
Redding,  CA  96003 


James  McEntee 
P.O.  Box  442 
McCloud,  CA  96057 


Robert  Medley 
910  Sierra  Vista 
Redding,  CA  96001 


R.  Brett  Matzke 
California  Trout,  Inc. 
P.O.  Box  97 
Camp  Nelson,  CA  93208 


Joe  McFarlan 
BLM,  Surprise  RA 
P.O.  Box  460 
Cedarville,  CA  96104 


Joel  Medlin 

U.S.  Fish  and  Wildlife  Service 
3310  El  Camino  Ave.,  Suite  130 
Sacramento,  CA  95821-6340 


Greg  Melton 

310  Salem  Street,  #B 

Chico,  CA  95928-5331 


Elwood  Miller 

Klamath  Tribes  (Exec.  Director,  Cultural 

Heritage) 

P.O.  Box  436 

Chiloquin,  OR  97624 


Candy  Morgan 

Mazamas  Climbing  Committee 
707  SW  Dolph  Street 
Portland,  OR  97219 


Virginia  Mercado 

Pit  River  Tribes,  Ajumawi  Band  Council 

(Alternate) 

P.O.  Box  322 

Fall  River  Mills,  CA  96028 


Bob  Miller 

Siskiyou  County  Cattlemen's  Assn. 
23910  Ager-Beswick  Road 
Montague,  CA  96064 


Anthony  Morrell 

Bonneville  Power  Administration 

P.O.  Box  3621 -SJ 

Portland,  OR    97208 


Ed  Merrihew 

Calpine  Corporation 

P.O.  Box  11279 

Santa  Rosa,  CA  95406-1279 


Ray  Miller 

P.O.  Box  475 

Mt.  Shasta,  CA  96067 


Don  Morris 

Mendocino  Forest  Watch 

Box  1551 

Willits,  CA  954f90 


Mark  Merrithew 
5341  DunsmuirAve 
Dunsmuir,  CA  96025 


Jack  Mills 

BLM,  State  Office 

2135  Butano  Drive 

Sacramento,  CA  95825-0451 


Gary  Mortensen 
Pioneer  Press 
P.O.  Box  147 
Fort  Jones,  CA  96032 


Terry  Metier 

1536  Eldorado  Street 

Klamath  Falls,  OR  97601 


Jeff  Mitchell 

Klamath  Tribes  (Chairman) 
P.O.  Box  436 
Chiloquin,  OR  97624 


Charles  Moss 

2204  Pine  Grove  Drive 

Mt.  Shasta,  CA  96067 


Harry  Metzger 
227  Ashlar  Drive 
Napa,  CA  94558 


Robert  Mitchell 

Scott  Bar  Community  Assn. 

P.O.  Box  76 

Scott  Bar,  CA  96085 


Edward  Motmans 
c/o  Christine  Keefer 
14045  Hill  Road 
Klamath  Falls,  OR  97603 


John  Miles 

United  States  Pumic  Company 
20219  Bahama  Street 
Chatsworth,  CA  91311 


Alden  Moffat 
6400  Hwy  66 
Ashland,  OR  97520 


Patrick  Muffler 

USGS 

345  Middlefield  Road,  MS  910 

Menlo  Park,  CA  94025-3561 


Gregory  Miller 

So.  Oregon  Timber  Industry  Assn. 
2680  North  Pacific  Highway 
Medford,  OR  97501 


Paul  Molder 
Star  Route,  Box  7 
Tulelake,  CA  96134 


William  Muller 
7578  Locke  Road 
Vacaville,  CA  95688 


Melvin  Miller 
1800  Ladera  Vista 
Klamath  Falls,  OR  97601 


John  Monfore 

Weyerhauser 

P.O.  Box  9 

Klamath  Falls,  OR  97601 


Larry  Myers 

Native  American  Heritage  Commissi 
915  Capitol  Mall,  Rm.  288 
Sacramento,  CA  95814 


Rick  Nawa 

Siskiyou  Regional  Education  Project 

P.O.  Box  220 

Cave  Junction,  OR  97523 


Julie  Norman 
Headwaters 
P.O.  Box  729 
Ashland,  OR  97520 


John  Owens 
Sierra  Pacific  Power  Co. 
P.O.  Box  10100 
Reno,  NV  89520 


Frank  Needham 

404  N.  Mt.  Shasta  Blvd. 

Mt.  Shasta,  CA  96067 


Bill  Nowdesha 

1001  Mill  Creek  Road 

Scott  Bar,  CA  96085 


Felice  Pace 

Klamath  Forest  Alliance 
P.O.  Box  820 
Etna,  CA  96027 


Frank  Needham 
Resort  Villages  of  America 
404  N.  Mt.  Shasta  Blvd. 
Mt.  Shasta,  CA  96067 


Sean  O'Grady 
U.C.  Davis 
English  Department 
Davis,  CA  95616 


Robert  &  Jane  Painter 
1307  Audubon  Road 
Mt.  Shasta,  CA  96067 


Harold  Neibling 
350  Empire  Landing 
Long  Beach,  CA  90803 


Susan  O'Neil 

Pit  River  Tribes,  Aporige  Band  Council 

(Alternate) 

P.O.  Box  336 

Adin,  CA  96006 


Marion  Palmer 
Route  2,  Box  74 
Tulelake,  CA  96134 


Fred  Neighbor 
California  Trout 
494"H"c;reet 
Areata,  CA  95521 


Claude  Olson 

1536  North  Eldorado  Avenue 

Klamath  Falls,  OR  97601 


Lona  Parton 

6695  Myrtle  Avenue 

Eureka,  CA  95503 


Stephen  Nelson 
Nelson  Ranches 
Box  1597 
Alturas,  CA  96101 


Olga  Orr 

7470  Seneca  Place 

La  Mesa,  CA  91941 


Steve  Paulson 
USDA  Regional  Office 
Director  of  Minerals 
630  Sansome  Street 
San  Francisco,  CA  94111 


Mr.  &  Mrs.  P.  G.  Newbold 
8185  Gold  Coast  Drive 
San  Diego,  CA  92126-3422 


Thomas  Orr 
20911  Thorn  Lane 
Redding,  CA  96003 


John  Pedersen 
Modoc  County  Road  Dept. 
202  West  4th 
Alturas,  CA  96101 


Ken  Nielson 

California  Dept.  of  Forestry 
1416  9th  Street,  Room  1516-2 
Sacramento,  CA  95814 


Jan  Osborn 
1027  North  Street 
Yreka,  CA  96097 


Dominic  Perello 

Sierra  Club  -  Santa  Lucia  Chapter 

1591  Slack  Street 

San  Luis  Obispo,  CA  93405-1963 


Ernie  Niemi 

EcoNW 

99W  10th  Ave.,  Suite  400 

Euguene,  OR  97401 


Jim  Ostrowski 

Sierra  Pacific  Industries 

427  Alder  Street 

Mt.  Shasta,  CA  96067 


Thomas  Phair 

10  Avenida  De  Orinda 

Orinda,  CA  94563 
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Link  Phillippi 

Rough  &  Ready  Lumber  Co. 

P.O.  Box  519 

Cave  Junction,  CA  96032 


Lester  Potts 

Pit  River  Tribes,  Madesi  Band  Council 

(Alternate) 

P.O.  Box  161 

Montgomery  Creek,  CA  96065 


Gladys  Rajnus 

30485  Transformer  Road 

Malin,  OR  97632 


Karen  Pickett 
Earth  First! 
P.O.  Box  83 
Canyon,  CA  94516 


Wally  Preston 

Pit  River  Tribes,  Atwamsini  Band  Council 

P.O.  Box  1315 

Alturas,  CA  96101 


Barbara  Rapp 
P.O.  Box  928 
Fort  Jones,  CA  96032 


Keith  Pieper 
3660  Argyle  Street 
Napa,  CA  94558 


Mary  Preston 

Pit  River  Tribes,  Atwamsini  Band  Council 

(Alternate) 

P.O.  Box  1315 

Alturas,  CA  96101 


Barbara  Rauenzahn 

477  Ash  Street 

Los  Osos,  CA  93402 


Carole  Plank/James  Shott 
Medicine  Lake  Home  Owners  Assoc. 
605  Glen  Mar  Drive 
Mt.  Shasta,  CA  96067 


Elizabeth  Pullen 

P.O.  Box  2194 

Helendale,  CA  92342-2194 


Brad  Reed 

USFS,  Doublehead  Ranger  District 

P.O.  Box  369 

Tulelake,  CA  96134 


Carole  Plank/James  Shott 

Medicine  Lake  Citizens  for  Quality 

Environment 

P.  O.  Box  34 

Mt.  Shasta,  CA  96067 


Philip  Purcell 
General  Delivery 
Somes  Bar,  CA  95568 


Mark  Reeff 

Int.  Assoc.  F&W  Agencies 

444  N.  Capitol  St.,  NW,  Suite  534 

Washington,  DC  20001 


Darin  Plutchok 
California  Alt  to  Toxics 
860  1/2  11th  Street 
Areata,  CA  95521 


Mark  Quire 

P.O.  Box  738 

Nederland,  CO  80466-0738 


Wendell  Reeves 
California  Dept.  of  Forestry 
6105  Airport  Road 
Redding,  CA  96002 


Sami  Jo  Pohlman 

Shasta  Tribe 

P.O.  Box  12 

Happy  Camp,  CA  96039 


S.J.  Hugdahl  &  R.  Richardson 
14321  Salmon  River  Road 
Forsk  of  Salmon,  CA  96031 


Mark  Reina 

California  Dept.  of  Forestry  and  Fire 

Protection 

P.O.  Box  128 

Yreka,  CA  96097 


Patricia  Port 

USDI  Ofc  of  Env.  Policy  &  Compliance 

Regional  Env.  Officer 

600  Harrison  St.,  Suite  515 

San  Francisco,  CA  94107-1376 


Kevin  Rafferty 

Oregon  Institute  of  Technology 

Geo  Heat  Center 

3201  Campus  Drive 

Klamath  Falls,  OR  97601 


Blythe  Reis 
Sandy  Bar  Ranch 
P.O.  Box  347 
Orleans,  CA  95556-0347 


Harold  Porterfield 
P.O.  Box  765 
Dorns,  CA  96023 


Manuel  Rais 

Back  Country  Horsemen  of  California 

P.O.  Box  204 

Etna,  CA  96027 


Rich  Renouf 

Mt.  Shasta  Audubon/Sierra  Club 

P.O.  Box  902 

Mt.  Shasta,  CA  96067 


Maurice  Richard 

Calpine  Corporation 

50  W.  San  Fernando  Street  #550 

San  Jose,  CA  95113 


Tom  Rose 

430  Wiley  Street 

Ashland,  OR  97520 


Chuck  Schultz 

BLM 

355  Hemsted  Drive 

Redding,  CA  96002 


Jeff  Richardson 
1741  Westview 
Anchorage,  AK  99504 


Theresa  Rumjahn 

980  Peralta  Avenue 
Albany,  CA  94706 


Carl  &  Fai  Schwarzenberg 
7800  French  Creek  Road 
Etna,  CA  96027 


Fred  Rinne 

363  W.  Bissell  Avenue 

Richmond,  CA  94801 


Virginia  Russell 
315  3rd  #6 
Yreka,  CA  96097 


Robert  Scott 
71 1  South  Street 
Yreka,  CA  96097 


Emily  Roberson 
California  Native  Plant  Society 
1722  J.  Street,  Suite  17 
Sacramento,  CA  95814 


John  Sawyer 

Humboldt  State  University 
Biology  Department 
Areata,  CA  95521 


Kirby  Self 

Routt/Medicine  Bow  NF 
29587  W.  US  40,  Suite  20 
Steamboat  Springs,  CO  80487 


Chad  Roberts 

Redwood  Region  Audubon  Society 

P.O.  Box  6343 

Eureka,  CA  95502-6343 


Mary  Schell 

State  Library  Government  Documents 

P.O.  Box  2037 

Sacramento,  CA  95809 


Dan  Sendek 
Hi-Ridge  Lumber  Co. 
P.O.  Box  458 
Yreka,  CA  96097 


Darrel  Roe 

1002  Hillside  Drive 

Weed,  CA  96094 


Fred  Schmidt 

The  Libraries 

Colorado  State  University 

Fort  Collins,  CO  80523-1019 


Elaine  Senf 

2218  Ventura  Place 

Santa  Clara,  CA  95051 


Robert  Rohde 

Karuk  Tribe/Calif.  Dept.  of  Natural 

Resources 

P.O.  Box  282 

Orleans,  CA  95556 


Alan  Schmierer 

Planning  Team 

Pacific  Great  Basin  System  Support 

600  Harrison,  Suite  600 

San  Francisco,  CA  94107-1372 


George  Setzer 

Timber  Mountain  Store 

Tionesta 

Tulelake,  CA  96134 


Jessie  Rose 

Salmon  River  Indian  Council 

P.O.  Box  7 

Forks  of  Salmon,  CA  96031 


John  Scholtz 

269  College  Ave.,  Apt  309 

Palo  Alto,  CA  94306-1509 


Randall  Sharp 
USFS  /BLM 
800  W.  12th  Street 
Alturas,  CA  96101 


Benjamin  Rose 
183  N.  Argyle 
Fresno,  CA  93727 


Walter  Schubert 
945  Hudis  Street 
Rohnert  Park,  CA  94928 


Maitland  Sharpe 

Izaak  Walton  League  of  America 
1401  Wilson  Blvd.,  Level  B 
Arlington,  VA  22209 


Carrie  Shaw 

California  Dept.  of  Fish  and  Game 
1416  Ninth  Street 
Sacramento,  CA  95814 


Bill  Sims 

633  San  Miguel  Way 

Sacramento,  CA  95819 


Jan  Sorochtey  &  Cliff  Harvey 
1  Little  Hot  Springs  Road 
McArthur,  CA  96056 


Robert  Shaw 

Box  120 

Lookout,  CA  96054 


Roy  Smith 

Siskiyou  County  Cattlemen's  Assn. 
5226  Ball  Mtn-Little  Shasta 
Montague,  CA  96064 


Mike  Sotelo 

California  Dept.  of  Boating  and  Watf 

1629  "S"  Street 

Sacramento,  CA  95814 


Eleanor  Shaw 

Sacramento  Bee,  State  Editor 
P.O.  Box  15779 
Sacramento,  CA  95852 


Joan  Smith 

Klamath  Alliance  Res.  &  Envir. 

P.O.  Box  1234 

Yreka,  CA  96097 


Skip  Soule 

Siskiyou  County  Sportsmen's  Asso 
11239  Ball  Mountain  Road 
Montague,  CA  96064 


Mark  Sheffer 
The  Wilderness  Society 
900  17th  Street,  NW 
Washington,  DC  20006-2596 


Leonard  Smith 
P.O.  Box  142 
Burney,  CA  96013 


Stacey  Spear 

908  E.  118th  Terrace 

Kansas  City,  MO  64131 


Rachel  Shimshak 
Renewable  Northwest  Project 
1130  SW  Morrison,  Suite  330 
Portland,  OR  97205 


Linda  Smith 
P.O.  Box  5284 
Salem,  OR  97304 


Lorin  Spencer 

1894  North  Euclid  Avenue 

Upland,  CA  91786 


Bettie  &  Harry  Shott 
300  Sheldon  Avenue 
Mt.  Shasta,  CA  96067 


Lawrence  Smith 

91  Powwow  River  Road 

East  Kingston,  NH  03827 


Daniel  Spencer 
696  18th  Street,  #2 
Des  Moines,  IA  50314 


Marjorie  Sill 

720  Brookfield  Drive 

Reno,  NV  89503 


Martha  Smith 

Geary  Bros.  Caledonia  Ranch 
12981  Highway  140  West 
Klamath  Falls.  OR  97601 


Amanda  Spencer 

c/o  Geomatrix 

100  Pine  Street,  10th  Floor 

San  Francisco,  CA  94111 


Cecelia  Silvas 

Pit  River  Tribes,  lllmawi  Band  Council 

P.O.  Box  48 

Fall  River  Mills,  CA  96028 


Vernon  Smith 
Smith  Brothers  Ranch 
1502  Island  Road 
Etna,  CA  96027 


Richard  Spotts 
Defenders  of  Wildlife 
1228  N  Street,  Suite  6 
Sacramento,  CA  95814 


Dennis  Simontacchi 
759  South  "I"  Street 
Lakeview,  OR  97630-1621 


Sari  Sommarstrom 
P.O.  Box  719 
Etna,  CA  96027 


Robert  Sranco 
Office  of  Equal  Opportunity 
USDA,  Room  1345 
Washington,  DC  20250 


Ira  Stanley 
Star  Route 
Tulelake,  CA  96134 


James  Stokes 

7294  Churn  Creek  Road 

Redding,  CA  96002-4093 


John  Swanson 
3400  Edmund  Blvd. 
Minneapolis,  MN  55406 


Veva  Stansell 

P.O.  Box  6077 

Pacific  River,  OR  97444 


Steve  Stone 
National  Park  Service 
P.O.  Box  25287 
Lakewood,  CO  80225 


Sherman  Swanson 

Univ.  of  Nevada  -  Range  Wildlife 

1000  Valley  Road 

Reno,  NV  89512 


Robert  Star 
38023  Forest  Blvd. 
North  Branch,  MN  55056 


Jim  Stout 

USFS,  Goosenest  Ranger  District 

37805  Highway  97 

Macdoel,  CA  96058 


Doug  Swanston 
USFS,  Region  10- TLMP 
8465  Old  Dairy  Road 
Juneau,  AK  99801 


Edward  and  Sidney  Staunton 
Route  1 ,  Box  296 
Tulelake,  CA  96134 


Rudi  Stutz 

2008  Seiad  Creek  Road 

Seiad  Valley,  CA  96086 


Robert  Tadina 
P.O.  Box  376 
Mt.  Shasta,  CA  96067 


Howard  Stearns 
P.O.  Box  1197 
Alturas,  CA  96101 


Thomas  Suk 
RWQCB,  Lahontan 
2092  Lake  Tahoe  Blvd. 
S.  Lake  Tahoe,  CA  96150 


Frank  Tallerico 

Siskiyou  County  Office  of  Educatioi 

609  S.  Gold  Street 

Yreka,  CA  96097 


Steve  Stefanki 
1091  Barrow  Lane 
Napa,  CA  94558 


T.  Joseph  Supahan 
Karuk  Cultural  Rep. 
P.O.  Box  389 
Orleans,  CA  95556 


Derby  Tatman 
Uinta  National  Forest 
88W100N 
Provo,  UT  84601 


Eric  Steger 

UNOCAL  -  Geothermal  Division 

P.O.  Box  6854 

Santa  Rosa,  CA  95401 


Terry  Supahan 

Karuk  Tribe  of  California 

P.O.  Box  1098 

Happy  Camp,  CA  96039 


Darrel  Taves 
3151  Highway  71 
Cambridge,  ID  83610-5007 


Dr.  &  Mrs.  Daniel  Steinberg 
4174  Pomona  Way 
Livermore,  CA  94550 


Lorelei  Super 
P.O.  Box  824 
Yreka,  CA  96097 


Harry  Taylor 
P.O.  Box  432 
Yreka,  CA  96097 


D.H.  Stere 

Oregon  State  Forester 
2600  State  Street 
Salem,  OR  97310 


Dan  Suther 

BCHC-Shasta-Trinity  Unit 
8397  Churn  Creek  Road 
Redding,  CA  96002 


Geoff  Teare 

California  Off  Road  Vehicle  Assoc. 

27620  Apache  Ct 

Castaic,  CA  91384 


Sue  Terence 

Forks  School 

General  Delivery 

Forks  of  Salmon,  CA  96031 


Ken  Tompkins 
ICF  Kaiser  Engineering 
13305  W.  15th  Drive 
Golden,  CO  80401 


David  Tygerson 
575  Crowson  Road 
Ashland,  OR  97520 


Susan  &  Malcolm  Terence 
Salmon  River  Concerned  Citizens 
Butler  Creek 
Forks  of  Salmon,  CA  96031 


Phil  Towle 

CCAP 

879  Ninth  Street 

Areata,  CA  95521 


Barbara  Ullian 

2883  Williams  Highway 

Grants  Pass,  OR  97527 


Doug  Thayer 

California  Dept.  of  Fish  and  Game 

P.O.  Box  1623 

Alturas,  CA  96101 


P.  Towle 

South  Fork  Trinity  Watershed  Assn. 

P.O.  Box  532 

Hayfork,  CA  96041-0532 


John  Ulloth 

10609  Columbus  Avenue 

Mission  Hills,  CA  91345 


Louise  Thompson 
1235  West  Scenic  Drive 
Mt.  Shasta,  CA  96067 


George  Tuman 

3024  Shadypark  Drive 

Long  Beach,  CA  90808-3923 


Kristian  Ungern 

21901  SW  Blackfoot  Drive 

Tualatin,  OR  97062 


Michael  Thompson 

5246  E.  Florence  Avenue,  #93 

Bell,  CA  90201 


Jerry  Turek 

Medicine  Lake  Home  Owners  Assoc. 

417  Marin  Street 

Corning,  CA  96021 


Harold  Upton 

Center  for  Marine  Conservation 
1725  DeSales  St.,  NW,  Suite  500 
Washington,  DC  20036 


Mike  Thompson 
State  Senate 
State  Capitol,  Room  3056 
Sacramento,  CA  95814 


George  Turnbull 

National  Park  Service 

Pacific  West  Field  Area 

600  Harrison  Street,  Suite  600 

San  Francisco,  CA  94107-1372 


Susie  Van  Kirk 

Sierra  Club,  Redwood  Chapter 

P.O.  Box  238 

Areata,  CA  95521 


Dale  Thornburgh 
Humboldt  State  University 
Forestry  Department 
Areata,  CA  95521 


Bill  Turner 
Timber  Products 
P.O.  Box  766 
Yreka,  CA  96097 


Jim  Vancura 
RCD  Coordinator 
P.O.  Box  785 
Dorris,  CA  96023 


Chuck  Timberman 
P.O.  Box  345 
Grenada,  CA  96038 


Ben  Twight 

Pennslyvania  State  University 
101  Ferguson  Bldg. 
University  Park",  PA   16802 


Charles  VanEpps 
3420  Baron  Court 
Broomfield,  CO  80020 


Irvin  Toler 
Box  2470 
Bumey,  CA  96013-2470 


Ethel  Tygerson 

1 509  Seacrest  Lane 

Brookings,  OR  97415 


Peter  Vansusteren 

USFS,  McCloud  Ranger  District 

P.O.  Box  1620 

McCloud,  CA  96057 


Larry  Vercilotti 
Butte  Valley  RCD 
P.O.  Box  785 
Dorris,  CA  96023 


Brent  Wallace 

Siskiyou  County  Administrator 

P.O.  Box  750 

Yreka,  CA  96097 


Carl  Weidert 

Sierra  Club,  Shasta  Group 
30646  100  Road 
Shingletown,  CA  96088 


Andrew  Verdi 
Sierra  Club  Member 
200  Mayhew  Way 
Walnut  Creek,  CA  94596 


Robert  Wallace  &  Marj  Ottenberg 
Polar  Equipment 
12881  Foothill  Lane 
Saratoga,  CA  95070 


Wendy  Weimer 
16502  Joey  Court 
Grass  Valley,  CA  95949 


Sara  Vickerman 

Defenders  of  Wildlife-NW  Reg.  Office 

1637  Laurel  Street 

Lake  Oswego,  OR  97034 


Bob  Wallen 

California  Dept.  of  Forestry 

P.O.  Box  128 

Yreka,  CA  96097 


Terri  Weist 

148  Menez  Street 

Weed.  CA  96094 


Jim  Voges 
J&M  Mining  Co. 
818  Park  Place 
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APPENDIX  B: 

Scoping  Materials 


United  States  Department  of  Interior 


BUREAU  OF  LAND  MANAGEMENT 

Alturas  Resource  Area 

708  W.  I2ih  Street 

Alturas,  California  96101-3102 


Reply  To:    3220  (BLM) 
2820  (FS) 

Date:   June  7,  1996 


Dear  Interested  Party: 

The  U.S.  Department  of  Interior,  Bureau  of  Land  Management  (BLM),  Alturas  Resource  Area 
Office  received  a  Plan  of  Utilization  (POU)  from  Calpine  Corporation  for  geothermal 
development  activities  on  Federal  Geothermal  Leases  CA-21924,  CA-21925,  and  CA-21926. 
The  leases  are  located  on  the  Klamath  and  Modoc  National  Forests  in  Siskiyou  and  Modoc 
Counties,  California.  Since  the  proposed  geothermal  development  would  occur  on  National 
Forest  lands,  the  POU  was  also  submitted  to  the  U.S.  Department  of  Agriculture,  Forest  Service 
(USFS). 

Proposed  Action 

In  the  POU,  Calpine  proposes  to  develop  a  49.9  megawatt  (MW)  (gross)  geothermal  power 
plant,  with  associated  geothermal  production  and  injection  wells,  well  pads,  roads,  and 
interconnected  geothermal  fluid  pipelines  in  the  Fourmile  Hill  project  area,  which  is  located 
approximately  three  miles  northwest  of  Medicine  Lake.  The  proposed  action  also  includes 
construction  and  operation  of  a  230-kilovolt  (kV)  transmission  line  that  would  extend  from  the 
proposed  power  plant  site  approximately  24  miles  to  the  east  to  a  connection  with  the  existing 
Bonneville  Power  Administration  (BPA)  Malin-Wamer  230-kV  transmission  line.  Additional 
project  information  and  maps  are  attached. 

Lead  Agencies  and  Environmental  Document 

The  BLM  has  decision-making  authority  on  all  geothermal  activities  proposed  to  be  conducted 
on  Federal  lands,  and  will  therefore  serve  as  a  lead  Federal  agency  for  the  proposed  action. 
Because  the  proposed  action  includes  a  proposed  transmission  line  corridor  that  crosses  National 
Forest  lands,  the  USFS  will  also  serve  as  a  lead  Federal  agency  for  the  proposed  action.  Since 
a  power  sales  agreement  is  included  in  the  proposed  action,  the  BPA  will  participate  as  a 
cooperating  agency.  Pursuant  to  Section  102(2)(c)  of  the  National  Environmental  Policy  Act 


(NEPA),  and  42  U.S.C.  4321  et  seq.,  the  BLM,  USFS,  and  BPA  will  be  directing  a  third-party 
contractor  in  the  preparation  of  an  Environmental  Impact  Statement  (EIS)  to  address  the 
Environmental  effects  of  the  proposed  action. 

The  proposed  action  would  require  permits  from  the  Siskiyou  County  Air  Pollution  Control 
Distnct  (APCD),  and  is  also  subject  to  environmental  review  under  the  California 
Environmental  Quality  Act  (CEQA).  The  Siskiyou  APCD  will  serve  as  the  lead  agency  under 
CEQA,  and  will  direct  the  preparation  of  an  Environmental  Impact  Report  (EIR)  under  CEQA. 
In  order  to  streamline  the  Federal  and  state  environmental  review  processes,  the  environmental 
document  for  the  proposed  action  will  be  prepared  as  a  joint  EIS/EIR.  A  separate  Notice  of 
Preparation  (NOP)  has  been  prepared  to  comply  with  CEQA. 

Public  Comment  and  Scoping  Meetings 

Federal,  state,  and  local  agencies  and  the  public  are  invited  to  participate  in  the  scoping  process 
for  the  EIS/EIR.  Comments  on  the  proposed  project  are  being  requested  to  assist  the  lead 
agencies  in  preparation  of  the  EIS/EIR.  Comments  are  requested  to: 

•Determine  the  scope  of  issues  and  analysis; 

•Ensure  that  the  environmental  analysis  and  subsequent  documentation  identifies  and 
addresses  all  relevant  issues  and  concerns  related  to  the  proposed  action;  and 

•Develop  and  refine  feasible  alternatives  to  the  proposed  action. 

To  encourage  public  participation,  scoping  meetings  will  be  held  June  25  to  June  27  at  the 
following  locations: 


Yreka 


June  25  6:30  pm  Miners  Inn  Convention  Center 

122  E.  Miner  Street 


Klamath  Falls 


June  26  6:30  pm  Shilo  Inn 

2500  Almond  Street 


Alturas 


June  27  6:30  pm  Alturas  Middle  School  Gym 

906  West  4th  Street 


Dates,  times,  and  locations  of  the  scoping  meetings  will  also  be  announced  in  the  local  news 
media. 


In  addition  to  the  public  scoping  meetings,  the  Federal  and  State  Agencies  are  inviting  written 
comments  and  suggestions  on  the  proposed  action  and  the  scope  of  the  analysis.  Written 
comments  should  be  submitted  by  July  12,  1996,  and  should  be  addressed  to: 

Mr.  Randall  Sharp 

USFS/BLM 

Fourmile  Hill  Geothermal  Development  Project  EIS/EIR  Coordinator 

800  W.  12th  Street 

Alturas,  CA  96101 

Thank  you  for  taking  the  time  to  consider  this  request.  Your  participation  is  important.  If 
you  have  any  questions,  please  contact  Mr.  Randall  Sharp  at  (916)  233-5811. 


Sincerely, 


RICH  BURNS 

Alturas  Resource  Area  Manager 

Bureau  of  Land  Management 


THOMAS  FARMER 

District  Ranger,  Goosenest  Ranger  District 

Klamath  National  Forest 


^L/stsU+S 


LU j&*p**i-<- 


BERNIE  WEISGERBER 

District  Ranger,  Doublehead  Ranger  District 

Modoc  National  Forest 


Background  Information  on  Proposed  and  Past 
Geothermal  Activities  within  the  Glass  Mountain  KGRA 

PROPOSED  ACTION 

Calpine  Corporation  submitted  a  Plan  of  Utilization  (POU)  to  the  BLM  for  constructing, 
operating,  and  maintaining  a  49.9  MW  (gross)  dual  flash  geothermal  power  plant,  with 
associated  geothermal  production  and  injection  wells,  well  pads,  roads,  interconnected 
geothermal  fluid  pipelines,  and  an  accompanying  24-mile  230  kV  transmission  line.  This 
project,  known  as  the  Fourmile  Hill  Geothermal  Development  Project,  would  be  located 
at  the  Glass  Mountain  Known  Geothermal  Resource  Area  (KGRA)  on  the  Klamath  and 
Modoc  National  Forests. 

Location 

The  proposed  geothermal  power  plant,  well  pads,  and  fluid  pipelines  would  be  located 
within  Federal  geothermal  leases  CA21924,  CA21925,  and  CA21926,  all  within  the  Glass 
Mountain  KGRA.  Leases  CA21924  and  CA21926  are  located  on  the  Klamath  National 
Forest,  while  lease  CA21925  is  located  on  the  Modoc  National  Forest.  The  proposed 
power  plant  site  would  be  located  in  Section  28  within  a  six-section  area  known  as  the 
Fourmile  Hill  project  area,  located  in  Section  21,  22,  23,  28,  29,  and  30,  Township  44 
North,  Range  3  East,  MDB&M,  Siskiyou  County,  California.  The  planned  period  of 
commercial  operation  for  the  proposed  action  is  45  years. 

Power  Plant  and  Associated  Facilities 

The  proposed  action  would  involve  production  of  geothermal  fluids  (hot  water  and 
steam)  from  an  underground  reservoir.  These  fluids  would  be  produced  from  9  to  11 
two-phase  production  wells  located  at  five  proposed  production  well  pad  sites  (well 
pads  88-28,  84-28, 56-28,  26-28,  and  18-28).  The  fluids  would  be  transported  via  surface 
pipelines  to  the  proposed  dual  flash  geothermal  power  plant,  where  the  steam  would 
be  directed  to  two  steam  turbine-driven  generators.  Spent  brine  and  condensate  would 
be  pumped  through  surface  pipelines  to  the  three  proposed  injection  well  pads  (well 
pads  87-29, 13-28,  and  67-21)  for  injection  to  the  subsurface  geothermal  reservoir.  There 
would  be  one  injection  well  located  at  each  injection  well  pad. 

Each  of  the  production  and  injection  well  pads  would  occupy  approximately  2.5  acres, 
for  a  total  well  pad  area  of  about  20  acres.  The  power  plant  site  would  occupy 
approximately  3.0  acres.  There  would  be  a  total  of  4.25  miles  of  surface  pipelines  (1 .5 
miles  of  production  lines,  and  2.75  miles  of  injection  lines),  and  about  2.5  miles  of  new 
roads  associated  with  the  power  plant  and  well  pads. 

The  proposed  action  would  also  include  development  of  a  transmission  line  that  would 
extend  from  the  proposed  geothermal  power  plant  in  an  easterly  direction  for 
approximately  24  miles  to  a  proposed  intertie  station  along  the  BPA  Malin-Warner 
transmission  line.  The  Malin-Warner  line  is  a  230-kV  system  that  parallels  Highway  139 
The  proposed  transmission  line  would  be  constructed  using  H-frame  wood  poles  with 
steel  structures  used  at  certain  locations.  The  transmission  line  would  be  located 
primarily  on  the  Modoc  National  Forest,  with  only  a  small  portion  of  the  line  near  the 


power  plant  site  being  located  on  the  Klamath  National  Forest.  Right-of-way  width 
would  be  approximately  125  feet  along  the  constructed  length  of  the  transmission  line. 
'  Construction  of  access  roads  for  installation  of  structures  and  maintenance  would  be 
required  along  portions  of  the  right-of-way. 

PAST  ACTIVITIES 

In  1981,  the  BLM,  as  lead  Federal  agency  for  geothermal  leasing,  issued  numerous 
leases  within  the  Medicine  Lake  area  for  the  purpose  of  exploring  and  developing  a 
geothermal  resource  within  the  project  area  (i.e.,  the  Glass  Mountain  KGRA).  As  part  of 
the  authorization  for  leasing,  the  BLM  and  USFS  jointly  prepared  and  issued  an 
environmental  assessment  (EA)  for  the  "casual  use  and  exploration"  of  the  geothermal 
resource.  In  1984,  the  EA  was  supplemented  to  analyze  additional  potential  leases  and 
to  address  the  impacts  associated  with  geothermal  development  within  the  KGRA.  The 
supplemental  EA  identified  lease  stipulations  which  provide  for  surface  resource 
protection  measures.  These  mitigations  were  and  are  incorporated  as  terms  and 
conditions  of  use  and  development  of  the  geothermal  resource. 

As  of  this  date,  there  has. been  limited  geothermal  exploration  within  the  Glass 
Mountain  KGRA;  however,  within  the  past  two  years,  there  have  been  two  exploration 
projects  proposed  in  the  project  vicinity.  The  first  was  a  proposed  exploratory 
geothermal  drilling  project  within  the  Glass  Mountain  KGRA,  which  was  sponsored  by 
the  California  Energy  General  Corporation  (CEGC).  The  second  project  was  Calpine's 
Fourmile  Hill  Geothermal  Exploration  Project,  which  examined  the  potential 
environmental  effects  that  would  result  from  an  exploratory  geothermal  drilling 
program.  Environmental  assessments  and  Findings  of  No  Significant  Impact  (FONSI) 
were  prepared  for  both  of  these  projects,  and  were  distributed  for  public  review. 
Records  of  Decisions  (RODs)  have  been  filed  for  each  of  these  projects  as  well. 

SCOPE  OF  ANALYSIS 

This  EIS/EIR  for  the  proposed  action  will  identify  a  reasonable  range  of  alternative 
actions,  analyze  the  proposed  action  and  alternatives  in  terms  of  direct,  indirect  and 
cumulative  effects,  and  identify  appropriate  mitigation  measures  for  each  type  of 
significant  effect.  The  analyses  in  the  EIS/EIR  will  address  potential  impacts  to  geology, 
minerals,  soils,  geothermal  resources,  groundwater,  surface  water,  cultural  and 
paleontological  resources,  Native  American  resources,  vegetation,  wildlife,  air  quality, 
visual  resources,  noise  levels,  land  use,  recreation,  traffic  and  access,  human  health  and 
safety,  and  social  and  economic  values  related  to  development  of  the  project. 
Cumulative  effects  will  also  be  addressed;  the  EIS/EIR  will  document  the  effects  on  the 
resources  as  the  result  of  not  only  the  proposed  action  but  also  of  previous  actions,  and 
any  reasonably  foreseeable  activities  in  the  vicinity  of  the  proposed  action 
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Fourmile  Hill  Geothermal  Development  Project 

Modoc  and  Klamath  National  Forests 

Glass  Mountain  KGRA 

To  ensure  that  the  federal  agencies  provide  the  appropriate  distribution  of  future  information 
regarding  the  proposed  geothermal  development  activities  at  the  Fourmile  Hill  project  area  on  the 
Modoc  and  Klamath  National  Forests,  please: 

•  Verify  your  name  and  address  information 

•  Complete  the  brief  questionnaire 

•  Return  this  form  to  the  address  printed  on  the  other  side  of  this  form  (please 
be  sure  to  affix  appropriate  first-class  postage  to  ensure  delivery) 

Name  and  Address: 


Questionnaire: 

Please  include  my  name  on  all  future  mailing  lists  for  this  proposed  geothermal  project. 

I  am  not  interested  in  receiving  further  information  regarding  the  proposed  geothermal 

project;  please  remove  my  name  from  future  mailing  lists. 

I  will  be  forwarding  my  comments  to  you  regarding  the  proposed  geothermal  project. 

I  have  the  following  specific  comments  regarding  the  proposed  geothermal  project: 


I 
I 
I 
I 
I 
I 
I 


Signed: 


i030-4G- 
DEPARTMENT  OF  THE  INTERIOR 
Bureau  of  Land  Management 
[CA-920-06-1330-00] 

AGENCY:  U.S.  Department  of  Interior,  Bureau  of  Land  Management,  Alturas  Resource 
Area 

ACTION:  Notice  of  Intent  to  prepare  an  Environmental  Impact  Statement  for  a  Plan  of 
Utilization  for  a  proposed  geothermal  power  plant,  ancillary  facilities,  and  transmission 
line  on  the  Klamath  and  Modoc  National  Forests  in  Siskiyou  and  Modoc  Counties, 
California. 

SUMMARY:  Notice  is  given  that  the  Bureau  of  Land  Management  (BLM),  U.S. 
Department  of  Agriculture,  Forest  Service  (USFS),  U.S.  Department  of  Energy', 
Bonneville  Power  Administration  (BPA),  and  Siskiyou  County  Air  Pollution  Control 
•District  (APCD)  will  jointly  prepare  an  Environmental  Impact 

Statement  /Environmental  Impact  Report  (EIS/EER)  for  a  proposed  a  49.9  megawatt 
(MW)  (gross)  geothermal  electric  power  plant  with  associated  facilities  and  operations, 
and  a  24-mile  230-kilovolt  (kV)  transmission  line.  This  proposed  action  (known  as  the 
Fourmile  Hill  Geothermal  Development  Project)  would  be  located  on  the  Klamath  and 
Modoc  National  Forests  in  northeastern  California.  BPA  will  participate  in  the  EIS/EER 
process  as  a  cooperating  agency  to  analyze  potential  effects. 


Pursuant  to  Section  102(2)(c)  of  the  National  Environmental  Policy  Act  (NEPA),  and  42 
U.S.C.  4321  et  seq.,  the  BLM,  USFS,  BPA,  and  Siskiyou  County  APCD  will  be  directing  a 
third-party  contractor  in  the  preparation  of  the  EIS/EIR  on  the  impacts  of  the  proposed 
action.  Comments  are  being  requested  to  help  identify  significant  issues  or  concerns 
related  to  the  proposed  action,  determine  the  scope  of  issues,  identify  and  refine 
alternatives  to  the  proposed  action. 

DATES:  Federal,  state,  and  local  agencies  and  the  public  are  invited  to  participate  in  the 
scoping  process  for  the  EIS/EIR.  Scoping  meetings  to  encourage  and  facilitate  public 
participation  will  be  held  in  Yreka  Qune  25, 1996),  Klamath  Falls  Qune  26),  and  Alturas 
(June  27).  Times  and  locations  of  the  scoping  meetings  will  be  announced  in  the  local 
news  media. 

ADDRESS  FOR  COMMENTS:  In  addition  to  the  public  scoping  meetings,  the  BLM  is 
inviting  written  comments  and  suggestions  on  the  proposed  action  and  the  scope  of  the 
analysis.  Written  comments  or  requests  to  be  added  to  the  project  mailing  list  should  be 
submitted  by  [30  days  after  date  of  publication!.  Written  comments  should  be 
addressed  to  Mr.  Randall  Sharp,  USFS/BLM,  Fourmile  Hill  Geothermal  Development 
Project  EIS/EER  Coordinator,  800  W.  12th  Street,  Alturas,  CA  96101. 

FOR  FURTHER  ENFORMATION  CONTACT: 
Mr.  Randy  Sharp  (916)  233-5811. 


SUPPLEMENTARY  INFORMATION:  Calpine  Corporation  submitted  a  Plan  of 
Utilization  (POU)  to  the  BLM  for  constructing,  operating,  and  maintaining  a  49.9  MW 
(gross),  dual  flash  geothermal  power  plant,  with  associated  geothermal  production  and 
injection  wells,  well  pads,  roads,  interconnected  geothermal  fluid  pipelines,  and  an 
accompanying  24-mile  230  kV  transmission  line.  This  project,  known  as  the  Fourmile 
Hill  Geothermal  Development  Project,  would  be  located  at  the  Glass  Mountain  Known 
Geothermal  Resource  Area  (KGRA)  on  the  Klamath  and  Modoc  National  Forests. 

The  proposed  geothermal  power  plant,  well  pads,  and  fluid  pipelines  would  be  located 
within  Federal  geothermal  leases  CA21924,  CA21925,  and  CA21926,  all  withm  the  Glass 
Mountain  KGRA.  Leases  CA21924  and  CA21926  are  located  on  the  Klamath  National 
Forest,  while  lease  CA21925  is  located  on  the  Modoc  National  Forest.  The  proposed 
power  plant  site  would  be  located  in  Section  28  within  a  six-section  area  known  as  the 
Fourmile  Hill  project  area,  located  in  Section  21,  22,  23,  28,  29,  and  30,  Township  44 
North,  Range  3  East,  MDB&M,  Siskiyou  County,  California.  The  planned  period  of 
commercial  operation  for  the  proposed  action  is  45  years. 

The  proposed  action  would  involve  production  of  geothermal  fluids  (hot  water  and 
steam)  from  an  underground  reservoir.  These  fluids  would  be  produced  from  9  to  11 
two-phase  production  wells  located  at  five  proposed  production  well  pad  sites  (well 
pads  88-28,  84-28,  56-28,  26-28,  and  18-28).  The  fluids  would  be  transported  via  surface 
pipelines  to  the  proposed  dual  flash  geothermal  power  plant,  where  the  steam  would 


be  directed  to  two  steam  turbine-driven  generators.  Spent  brine  and  condensate  would 
be  pumped  through  surface  pipelines  to  the  three  proposed  injection  well  pads  (well 
pads  87-29, 13-28,  and  67-21)  for  injection  to  the  subsurface  geothermal  reservoir.  There 
would  be  one  injection  well  located  at  each  injection  well  pad. 

Each  of  the  production  and  injection  well  pads  would  occupy  approximately  2.5  acres, 
for  a  total  well  pad  area  of  about  20  acres.  The  power  plant  site  would  occupy 
approximately  3.0  acres.  There  would  be  a  total  of  4.25  miles  of  surface  pipelines  (1.5 
miles  of  production  lines,  and  2.75  miles  of  injection  lines),  and  about  2.5  miles  of  new 
roads  associated  with  the  power  plant  and  well  pads. 

The  proposed  action  would  also  include  development  of  a  transmission  line  that  would 
extend  from  the  proposed  geothermal  power  plant  in  an  easterly  direction  for 
approximately  24  miles  to  a  proposed  intertie  station  along  the  BPA  Malin-Wamer 
transmission  line.  The  Malin-Warner  line  is  a  230-kV  system  that  parallels  Highway  139. 
The  proposed  transmission  line  would  be  constructed  using  H-frame  wood  poles  with 
steel  structures  used  at  certain  locations.  The  transmission  line  would  be  located 
primarily  on  the  Modoc  National  Forest,  with  only  a  small  portion  of  the  line  near  the 
power  plant  site  being  located  on  the  Klamath  National  Forest.  Right-of-way  width 
would  be  approximately  125  feet  along  the  constructed  length  of  the  transmission  line. 
Construction  of  access  roads  for  installation  of  structures  and  maintenance  would  be 
required  along  portions  of  the  right-of-way. 


Alternatives  thus  far  identified  for  evaluation  in  the  EIS/EIR  are:  (1)  the  proposed 
action,  (2)  the  no  action  (the  consequences  of  not  developing  the  project),  and  (3) 
alternate  transmission  line  route  alternatives.  The  principal  issues  identified  thus  far  for 
consideration  in  the  EIS/EIR  include  potential  effects  to  listed  wildlife  species,  Tribal 
concerns,  potential  recreation  conflicts,  and  potential  visual  impacts.  The  EIS/ELR  will 
also  address  other  issues  such  as  geology,  geothermal  resources,  hydrology,  cultural 
resources,  vegetation,  air  quality,  noise,  land  use,  plans  and  policies,  transportation, 
human  health  and  safety,  socioeconomics,  cumulative  impacts,  as  well  as  any  issues 
raised  during  the  scoping  process. 

Federal,  state,  and  local  agencies  and  other  individuals  or  organizations  who  may  be 
interested  in  or  affected  by  the  BLM's  decision  for  the  proposed  action  are  invited  to 
participate  in  the  scoping  process.  Input  and  comments  received  during  this  process 
will  be  considered  during  preparation  of  the  EIS/EIR. 


Rich  Burns        S3lO~SO  Date 

Alturas  Resource  Area  Manager 


Notice     of     Preparation 


To:       USFS  /BLM *\WCUJ     U\ 

(Agency) 

800  W.  12th  Street 


(Address) 

Alturas.  CA   96101 


Subject:  Notice  of  Preparation  of  a  Draft  Environmental  Impact  Report 
Lead  Agency:  Consulting  Firm: 

Agency  Name  Siskiyou  County  APCD Firm  Name    MHA  Environmental  Consulting.  Inc. 

Street  Address  525  South  Foothill  Drive Street  Address  520  S.  El  Camino  Real,  Suite  800 

City/State/Zip  Yreka.  California   96097-3090 City/State/Zip  San  Mateo.  California  94402 

Contact    Patrick  Griffin Contact    Hub  Adams 


Siskiyou  County  Air  Pollution  Control  District  will  be  the  Lead  Agency  and  will  prepare  an  environmental  impact  report 

for  the  project  identified  below.  We  need  to  know  the  views  of  your  agency  as  to  the  scope  and  content  of  the  environmental  information 
which  is  germane  to  your  agency's  statutory  responsibilities  in  connection  with  the  proposed  project.  Your  agency  will  need  to  use  the  E1R 
prepared  by  our  agency  when  considering  your  permit  or  other  approval  for  the  project. 

The  project  description,  location,  and  the  potential  environmental  effects  are  contained  in  the  attached  materials.  A  copy  of  the  Initial 
Study  (  is      is  not)  attached 

Due  to  the  time  limits  mandated  by  State  law,  your  response  must  be  sent  at  the  earliest  possible  date  but  not  later  than  30  days  after 
receipt  of  this  notice. 

Please  send  your  response  to    Patrick  Griffin at  the  address  shown  above.  We  will 

need  the  name  for  a  contact  person  in  your  agency. 


Project  Title:    Fourmile  Hill  Geothermal  Development  Project 

Project  Location:    In  Siskiyou  and  Modoc  Counties,  California,  on  the  Klamath  and  Modoc  National  Forests, 
at  the  Glass  Mountain  Known  Geothermal  Resource  Area  (see  enclosed  map) 

Project  Description:  See  attached 


Date   Signature 


Title    Air  Pollution  Control  Specialist 
Telephone    (916^  841-4029 


BLM,  Afturas  RA 
708  West  12th  Street 
Afturas,  CA  96101 


California  Pubfc  Utilities  Commission 

505  Van  Ness  Avenue 

San  Francisco,  CA  94102<3214 


BLM,  State  Director 
2800  Cottage  Way 
Sacramento,  CA  95825 


California  Stale  Lands  Commission 
200  Oceangate,  1 2th  Floor 
Long  Beach,  CA  90802^333 


California  DepL  of  Boating  and  Waterways 
1 629  "S"  Street 
Sacramento,  CA  95814 


Modoc  County  Planning  Department 
202  West  Fourth  Street 
Afturas,  CA  96101 


California  DepL  of  Conservation 
Divsion  of  Oil  and  Gas 
801  K  Street  Floor  20 
Sacramento,  CA  95814 


Native  American  Heritage  GDrrrnissJon 
91 5  Capitol  Mafl.Rm.  288 
Sacramento,  CA  95814 


California  DepL  of  Fish  and  Game 
601  Locust  Street 
Reddhg,CA  96001 


FtWQCB,  Central  Valley,  Redding  Branch  Office 
415  Knoltrest  Drive 
RedcSng,  CA  96002 


California  DepL  of  Ftsh  and  Game 
1 41 6  9th  Street,  Room  1 270 
Sacramento,  CA  95814 


RWQCB,  North  Coast 
5550  Skytane  Blvd.,  Suite  A 
Santa  Rosa,  CA  95403 


California  DepL  of  Forestry 
1 41 6  9th  Street,  Room  1 51 6-2 
Sacramento,  CA  95814 


Siskiyou  County  Ranning 
P.O.  Box  1085 
Yreka,  CA  96097 


California  DepL  of  Forestry  and  Fire  Protection 
1 809  Fairtane  Road 
Yreka,  CA  96097 


State  Clearinghouse,  Office  of  Planning  and 

Research 

1400  Tenth  Street  #121 

Sacramento,  CA  95814 


California  DepL  of  Parks  and  Recreation 
1 41 6  9th  Street  Room  1 431 
Sacramento,  CA  94296 


U.S.  Fish  and  Wildlife  Service 
2800  Cottage  Way  -  Room  E 
Sacramento,  CA  95825 


California  DepL  of  Transportation, 

Districts 

1 657  Riverside  Drive 

Redding,  CA  96001 


USFSBLM 

800  W.  12th  Street 

Afturas,  CA  96101 


Notice  of  Preparation 

Description  of  the  Fourmile  Hill  Geothermal  Development  Project 

Siskiyou  and  Modoc  Counties,  California 

Calpine  Corporation  submitted  a  Plan  of  Utilization  (POU)  to  the  Bureau  of  Land 
Management  (BLM),  U.S.  Department  of  Agriculture,  Forest  Service  (USFS),  and 
Siskiyou  County  Air  Pollution  Control  District  (APCD)  for  constructing,  operating,  and 
maintaining  a  49.9  megawatt  (MW)  (gross)  dual  flash  geothermal  power  plant,  with 
associated  geothermal  production  and  injection  wells,  well  pads,  roads,  interconnected 
geothermal  fluid  pipelines,  and  an  accompanying  24-mile  230-kilovolt  (kV) 
transmission  line.  This  project,  known  as  the  Fourmile  Hill  Geothermal  Development 
Project,  would  be  located  at  the  Glass  Mountain  Known  Geothermal  Resource  Area 
(KGRA)  on  the  Klamath  and  Modoc  National  Forests  in  Siskiyou  and  Modoc  Counties 
in  northeastern  California. 

Project  Location 

The  proposed  geothermal  power  plant,  well  pads,  and  fluid  pipelines  would  be  located 
within  Federal  geothermal  leases  CA21924,  CA21925,  and  CA21926,  all  within  the  Glass 
Mountain  KGRA.  Leases  CA21924  and  CA21926  are  located  on  the  Klamath  National 
Forest,  while  lease  CA21925  is  located  on  the  Modoc  National  Forest.  The  proposed 
power  plant  site  would  be  located  in  Section  28  within  a  six-section  area  known  as  the 
Fourmile  Hill  project  area,  located  in  Section  21,  22,  23,  28,  29,  and  30,  Township  44 
North,  Range  3  East,  MDB&M,  Siskiyou  County,  California.  The  planned  period  of 
commercial  operation  for  the  proposed  project  is  45  years. 

Power  Plant  and  Associated  Facilities 

The  proposed  project  would  involve  production  of  geothermal  fluids  (hot  water  and 
steam)  from  an  underground  reservoir.  These  fluids  would  be  produced  from  9  to  11 
two-phase  production  wells  located  at  five  proposed  production  well  pad  sites  (well 
pads  88-28,  84-28,  56-28,  26-28,  and  18-28).  The  fluids  would  be  transported  via  surface 
pipelines  to  the  proposed  dual  flash  geothermal  power  plant,  where  the  steam  would 
be  directed  to  two  steam  turbine-driven  generators.  Spent  brine  and  condensate  would 
be  pumped  through  surface  pipelines  to  the  three  proposed  injection  well  pads  (well 
pads  87-29, 13-28,  and  67-21)  for  injection  to  the  subsurface  geothermal  reservoir.  There 
would  be  one  injection  well  located  at  each  injection  well  pad. 

Each  of  the  production  and  injection  well  pads  would  occupy  approximately  2.5  acres, 
for  a  total  well  pad  area  of  about  20  acres.  The  power  plant  site  would  occupy 
approximately  3.0  acres.  There  would  be  a  total  of  4.25  miles  of  surface  pipelines  (1.5 
miles  of  production  lines,  and  2.75  miles  of  injection  lines),  and  about  2.5  miles  of  new 
roads  associated  with  the  power  plant  and  well  pads. 

The  proposed  project  would  also  include  development  of  a  transmission  line  that  would 
extend  from  the  proposed  geothermal  power  plant  in  an  easterly  direction  for 
approximately  24  miles  to  a  proposed  intertie  station  along  the  Bonneville  Power 


Authority's  (BPA)  Malin-Warner  transmission  line.  The  Malin-Warner  line  is  a  230-kV 
system  that  parallels  Highway  139.  The  proposed  transmission  line  would  be 
constructed  using  H-frame  wood  poles  with  steel  structures  used  at  certain  locations. 
The  transmission  line  would  be  located  primarily  on  the  Modoc  National  Forest,  with 
only  a  small  portion  of  the  line  near  the  power  plant  site  being  located  on  the  Klamath 
National  Forest.  Right-of-way  width  would  be  approximately  125  feet  along  the 
constructed  length  of  the  transmission  line.  Construction  of  access  roads  for  installation 
of  structures  and  maintenance  would  be  required  along  portions  of  the  right-of-way. 

Scope  of  Analysis  and  Potential  Environmental  Effects 

The  EIS/EIR  for  the  proposed  project  will  identify  a  reasonable  range  of  alternative 
actions,  analyze  the  proposed  project  and  alternatives  in  terms  of  direct,  indirect  and 
cumulative  effects,  and  identify  appropriate  mitigation  measures  for  each  type  of 
significant  effect.  The  analyses  in  the  EIS/EIR  will  address  potential  impacts  to  geology, 
minerals,  soils,  geothermal  resources,  groundwater,  surface  water,  cultural  and 
paleontological  resources,  Native  American  resources,  vegetation,  wildlife,  air  quality, 
visual  resources,  noise  levels,  land  use,  recreation,  traffic  and  access,  human  health  and 
safety,  and  social  and  economic  values  related  to  development  of  the  project. 
Cumulative  effects  will  also  be  addressed;  the  EIS/EIR  will  document  the  effects  on  the 
resources  as  the  result  of  not  only  the  proposed  project  but  also  of  previous  projects, 
and  any  reasonably  foreseeable  activities  in  the  vicinity  of  the  proposed  project. 


PUBLIC  MEETING  NOTICE 

Three  public  meetings  are  scheduled  for  the  federal  government  to  gather  com- 
ments concerning  a  proposal  to  construct  a  geothermal  plant  on  Forest  Service  land  near 
Medicine  Lake.  The  meetings  are  part  of  the  scoping  process  for  the  Forest  Service  and 
Bureau  of  Land  Management  to  identify  issues  that  should  be  addressed  in  the  Environ- 
mental Impact  Statement/Environmental  Impact  Report. 

The  project,  known  as  the  Fourmile  Hill  Geothermal  Development  Project,  is  lo- 
cated approximately  three  miles  northwest  of  Medicine  Lake  and  straddles  the  border  of 
the  Modoc  and  Klamath  National  Forests.  It  will  encompass  about  ten  acres  of  land. 

The  proposal  also  calls  for  construction  of  a  24  mile  long  230  kilovolt  transmission 
line  that  will  cross  Modoc  National  Forest  land  to  connect  with  the  existing  Bonneville 
Power  Administration  system  near  California  State  Highway  139. 


The  public  meetings  will  be  held: 
Tuesday         June  25     Miners  Inn  Convention  Center 
Wednesday     June  26     Shilo  Inn 
Thursday       June  27     Alturas  Middle  School  gymnasium 


Yreka 

Klamath  Falls 
Alturas 


6:30  pm 
6:30  pm 
6:30  pm 


For  more  information,  contact  Project  Coordinator  Randall  Sharp  at  916  233-581 1 
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FOR  IMMEDIATE  RELEASE  June  17,  1996 

Alturas  --  Alturas  Resource  Area  Office,  BLM,  has  received  a  proposal  from 

Calpine  Corporation  of  Santa  Rosa,  to  develop  a  49.9  megawatt  geothermal  power 

plant  located  3  miles  northwest  of  Medicine  Lake  on  the  Klamath  and  Modoc 

National  Forests  in  Siskiyou  County.   The  proposal  also  includes  construction 

of  a  23  0-kilovolt  transmission  line  that  would  extend  from  the  proposed  power 

plant  site  east  to  a  connection  with  existing  BPA  transmission  line  in  Modoc 

County.   An  environmental  document  for  the  proposal  will  be  prepared  as  a  joint 

environmental  impact  statement/environmental  impact  report  (EIS/EIR) . 

The  public  is  invited  to  participate  in  the  scoping  process  for  the 
EIS/EIR.   To  encourage  public  participation,  scoping  meetings  will  be  held  June 
25  to  June  27  at  the  following  locations:   Yreka,  June  25,  6:30  pm,  Miners  Inn 
Convention  Center,  122  E.  Miner  Street;  Klamath  Falls,  June  26,  6:30  pm,  Shilo 
Inn,  2500  Almond  Street;  Alturas,  June  27,  6:30  pm,  Alturas  Middle  School  Gym, 
906  West  4th  Street. 

In  addition  to  public  scoping  meetings,  written  comments  and  suggestions  on 
the  proposed  action  and  scope  of  the  analysis  are  invited.   Written  comments 
should  be  submitted  by  July  12  and  addressed  to  project  coordinator  Randall 
Sharp,  USFS/BLM,  Fourmile  Hill  Geothermal  Development  Project,  800  W.  12th 
Street,  Alturas,  CA   96101.   For  more  information  contact  Randall  Sharp  at 
916-233-5811. 

### 


Editor's  note:   Background  Information  on  Proposed  and  Past  Geothermal 
Activities  within  the  Glass  Mountain  KGRA  follows  for  your  use.  A  location  map 
can  be  mailed  or  FAXed  to  you  at  your  request. 


Background  Information  on  Proposed  and  Past 
Geothermal  Activities  within  the  Glass  Mountain  KGRA 

PROPOSED  ACTION 

Calpine  Corporation  submitted  a  Plan  of  Utilization  (POU)  to  the  BLM  for 
constructing,  operating,  and  maintaining  a  49.9  MW  (gross)  dual  flash 
geothermal  power  plant,  with  associated  geothermal  production  and  injection 
wells,  well  pads,  roads,  interconnected  geothermal  fluid  pipelines,  and  an 
accompanying  24-mile  230  kV  transmission  line.   This  project,  known  as  the 
Fourmile  Hill  Geothermal  Development  Project,  would  be  located  at  the  Glass 
Mountain  Known  Geothermal  Resource  Area  (KGRA)  on  the  Klamath  and  Modoc 
National  Forests. 

Location 

The  proposed  geothermal  power  plant,  well  pads,  and  fluid  pipelines  would  be 
located  within  Federal  geothermal  leases  CA21924,  CA21925,  and  CA21926,  all 
within  the  Glass  Mountain  KGRA.   Leases  CA21924  and  CA21926  are  located  on  the 
Klamath  National  Forest,  while  lease  CA21925  is  located  on  the  Modoc  National 
Forest.   The  planned  period  of  commercial  operation  for  the  proposed  action  is 
45  years. 

Power  Plant  and  Associated  Facilities 

The  proposed  action  would  involve  production  of  geothermal  fluids  (hot  water 
and  steam)  from  an  underground  reservoir.   These  fluids  would  be  produced  from 
9  to  11  two-phase  production  wells  located  at  five  proposed  production  well  pad 
sites.   The  fluids  would  be  transported  via  surface  pipelines  to  the  proposed 
dual  flash  geothermal  power  plant,  where  the  steam  would  be  directed  to  two 
steam  turbine-driven  generators.   Spent  brine  and  condensate  would  be  pumped 
through  surface  pipelines  to  the  three  proposed  injection  well  pads  for 
injection  to  the  subsurface  geothermal  reservoir.   There  would  be  one  injection 
well  located  at  each  injection  well  pad. 

The  proposed  action  would  also  include  development  of  a  transmission  line  that 
would  extend  from  the  proposed  geothermal  power  plant  in  an  easterly  direction 
for  approximately  24  miles  to  a  proposed  intertie  station  along  the  BPA 
Malin-Warner  transmission  line.   The  Malin-Warner  line  is  a  230-kV  system  that 
parallels  Highway  13  9.   The  proposed  transmission  line  would  be  constructed 
using  H- frame  wood  poles  with  steel  structures  used  at  certain  locations.   The 
transmission  line  would  be  located  primarily  on  the  Modoc  National  Fores1: ,  vrith 
only  a  small  portion  of  the  line  near  the  power  plant  site  being  located  en  the 
Klamath  National  Forest.   Right-of-way  width  would  be  approximately  125  feet 
along  the  constructed  length  of  the  transmission  line.   Construction  of  access 
roads  for  installation  of  structures  and  maintenance  would  be  required  along 
portions  of  the  right-of-way. 

Lead  Agencies  and  Environmental  Document 

The  BLM  has  decision-making  authority  on  all  geothermal  activities  proposed  to 
be  conducted  on  Federal  lands,  and  will  therefore  serve  as  a  lead  Federal 
agency  for  the  proposed  action.   Because  the  proposed  action  includes  a 
proposed  transmission  line  corridor  that  crosses  National  Forest  lands,  the 
Forest    will  also  serve  as  a  lead  Federal  agency  for  the  proposed  action. 
Since  a  power  sales  agreement  is  included  in  the  proposed  action,  the  BPA  will 
participate  as  a  cooperating  agency.   The  BLM,  Forest  Service,  and  BPA  will  be 
directing  a  third-party  contractor  in  preparation  of  an  EIS  to  address  the 
environmental  effects  of  the  proposed  action. 
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The  proposed  action  would  require  permits  from  the  Siskiyou  County  Air 
Pollution  Control  District  (APCD)  and  is  also  subject  to  environmental  review 
under  the  California  Environmental  Quality  Act  (CEQA) .   Siskiyou  APCD  will 
serve  as  the  lead  agency  under  CEQA  and  will  direct  the  preparation  of  an 
Environmental  Impact  Report  under  CEQA. 

PAST  ACTIVITIES 

In  1981,  the  BLM,  as  lead  Federal  agency  for  geothermal  leasing,  issued 
numerous  leases  within  the  Medicine  Lake  area  for  the  purpose  of  exploring  and 
developing  a  geothermal  resource  within  the  project  area.   As  part  of  the 
authorization  for  leasing,  the  BLM  and  Forest  Service  jointly  prepared  and 
issued  an  environmental  assessment  (EA)  for  the  casual  use  and  exploration  of 
geothermal  resource.   In  1984  the  EA  was  supplemented  to  analyze  additional 
potential  leases  and  to  address  the  impacts  associated  with  geothermal 
development  within  the  KGRA  (Known  Geothermal  Resource  Area) . 

To  date  there  has  been  limited  geothermal  exploration  within  the  Glass  Mountain 
KGRA;   however,  within  the  past  two  years,  there  have  been  two  exploration 
projects  proposed  in  the  project  vicinity.   The  first  was  a  proposed 
exploratory  geothermal  drilling  project  within  the  Glass  Mountain  KGRA  which 
was  sponsored  by  the  California  Energy  General  Corporation.   The  second  project 
was  Calpine's  Fourmile  Hill  Geothermal  Exploration  Project,  which  examined  the 
potential  environmental  effects  that  would  result  from  an  exploratory 
geothermal  drilling  program.   Envirnonmental  assessments  and  Findings  of  No 
Significant  Impact  were  prepared  for  both  of  these  projects,  and  were 
distributed  for  public  review.   Records  of  Decisions  have  been  filed  for  each 
of  these  projects  as  well. 

--END-- 
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GEOTHERMAL  MEETING  SCHEDULED 

DORRIS  -  Representatives  from  the  federal  and  state  governments,  along  with 
members  of  the  Calpine  Corporation  and  MHA  Enviornmental  Consulting,  will 
provide  a  briefing  at  a  public  meeting  scheduled  for  6:30  p.m.,  August  22,  1996 
at  the  Dorris  City  Hall  in  Dorris,  California. 


The  briefing  is  intended  to  provide  the  latest  information  regarding  the  Calpine 
Geothermal  Project  located  near  Glass  Mountain  in  the  Medicine  Lake  Highlands. 
The  public  will  be  asked  to  submit  comments  regarding  the  scope  and  content  of 
the  project.   Public  input  will  be  used  to  determine  issues. 


This  is  the  fourth  public  meeting  regarding  the  geothermal  project 
meetings  have  been  held  in  Yreka,  Alturas  and  Klamath  Falls. 


Other 


For  more  information,  contact  Randall  Sharp  at  (916)  233-5811. 


Area  geo 
project  is 
moving 
forward 


By  TODD  KEPPLE 

H&N  Staff  Wnter 

The  Bonneville  Power  Ad- 
ministration has  reached  an 
agreement  with  two  power 
companies  to  proceed  with  an 
environmental  analysis  of  the 
Glass  Mountain  geothermal 
power  project  on  the  Klamath 
National  Forest. 

The  Bureau  of  Land  Manage- 
ment will  take  the  lead  in  draft- 
ing an  environmental  impact 
statement  (EIS),  working  in 
cooperation  with  BPA,  the 
Forest  Service  and  Siskiyou 
County.  Agencies  involved  in 
the  process  will  meet  next  week 
to  begin  the  process. 

The  49-megawatt  project, 
expected  to  be  completed  in 
three  years,  is  proposed  by 
Calpine  Corp.,  based  in  San 
Jose,  Calif.,  and  Trans-Pacific 
Geothermal  Corp..  based  in 
Oakland. 

The  project  is  proposed  for 
construction  along  the  border  of 
the  Klamath  and  Modoc  nation- 
al forests,  near  Medicine  Lake 
about  50  miles  south  of 
Klamath  Falls. 

A  test  well  drilled  last  year 
to  a  depth  of  about  500  feet 
revealed  the  geothermal 
aquifer  is  capable  of  power  pro- 
duction, said  Maurice  Richard, 
program  manager  for  Calpine. 

"We're  satisfied  with  the 
results  that  we  have,  and  there- 
fore we  have  confidence  to  pro- 
ceed with  the  expenditure 
required  to  proceed  with  an 
EIS."  Richard  said. 

Water  temperatures  of  at 
least  450  Fahrenheit  degrees 
are  required  to  generate  power, 
Richard  said.  Additional  holes 
are  expected  to  be  drilled  over 
the  next  two  years,  he  added. 

The  environmental  impact 
statement  will  cover  construc- 
tion and  operation  of  the  plant, 
a  24-mile  transmission  line  and 
power  purchase  agreements. 
The  EIS  is  expected  to  be  com- 
pleted by  the  fall  of  1997. 

BPA  said  it  is  pursuing  new 
sources  of  "renewable"  power 
despite  their  relatively  high 
cost,  and  even  though  there  is 


HERALD  AND  NEWS,  Klamath  Falls,  Oregon      Friday,  April  19,  1996 


GEO 


From  page  1 


currently  a  surplus  of  electricity 
in  the  Northwest. 

"BPA's  approach  to  develop- 
ing and  marketing  green  power 
products  reflects  the  (U.S. 
Energy)  department's  desire  to 
encourage  long-term  invest- 
ments that  will  benefit  future 
generations  in  the  region,"  said 
Charles  Curtis,  deputy  secre- 
tary of  Energy  Department. 

BPA  officials  said  the  Glass 
Mountain  project  is  located  in 
an  area  capable  of  producing 
500  megawatts  of  power,  and  is 
one  of  the  world's  largest 
untapped  geothermal  resources. 


Katherine  Potter,  spokes- 
woman for  Calpine,  said  con- 
struction would  create  about  200 
temporary  jobs,  and  15-20  per- 
manent jobs.  There  is  no  firm 
estimate  of  construction  costs, 
she  said. 

Glass  Mountain  is  one  of  sev- 
eral renewable  energy  projects 
proposed  in  the  Northwest.  The 
Newberry  Geothermal  Project 
has  been  issued  a  permit  for 
construction  on  the  Bend-based 
Deschutes  National  Forest. 

Others  projects  include  wind 
power  facilities  in  Wyoming  and 
Washington 


Mountain  Echo 
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Powerplant  in  the  works 


ALTURAS  --  AJturas  Re- 
source Area  Office,  BLM,  has 
received  a  proposal  from  Cal- 
pine  Corporation  of  Santa  Rosa, 
to  develop  a  49.9  megawatt  geo- 
thermdl  power  plant  located  3 
miles  northwest  of  Medicine 
Lake  on  the  Klamath  and  Modoc 
National  Forests  in  Siskiyou 
County.  The  proposal  also  in- 
cludes construction  of  a 
230-kilovolt  transmission  line 
that  would  extend  from  the  pro- 
posed power  plant  site  east  to  a 
connection  with  existing  BPA 
transmission  line  in  Modoc 
County.  An  environmental 
document  for  the  proposal  will 
be  prepared  as  a  joint  environ- 
mentdl  impact  statement/envi- 
ronmental impact  report 
(EIS/EIR) 

The  public  is  invited  to  par- 
ticipate in  the  scoping  process 
for  the  EIS/EIR  To  encourage 
public  participation,  scoping 
meetings  will  be  held  June  25  to 
June  27  at  the  following  loca- 
tions: Yreka,  June  25,  6:30  p  m., 
Miners  Inn  Convention  Center, 
122  E.  Miner  Street;  Klamath 
Falls,  June  26,  6:30  p  m.,  Shilo 
Inn,  2500  Almond  Street,  AJtu- 
ras, June  27,  6:30  p.m.,  AJturas 
Middle  School  Gym,  906  West 
4th  Street. 

In  addition  to  public  scoping 
meetings,  written  comments  and 
suggestions  on  the  proposed  ac- 
tion and  scope  of  the  analysis 
are  invited.  Written  comments 
should  be  submitted  by  July  12 
and  addressed  to  project  coordi- 
nator Randall  Sharp, 


USFS/BLM,  Fourrrule  Hill  Geo- 
thermal  Development  Project. 
800  W.  12th  Street,  Alturas 
CA  96101. 

For  more  information,  contact 
Randdll  Sharp  at  9 16-233-58  1 1 


HERALD  AND  NEWS,  Klamath  Falls,  Oregon      Thursday,  June  20,  1996 


Trio  of  public  meetings 
set  on  geo  power  plant 


Three  public  meetings  have 
Been  scheduled  for  the  federal 
government  to  gather  comments 
as  it  begins  analyzing  a  proposal 
for  construction  of  a  geothermal 
dower  plant  on  Forest  Service 
land  near  Medicine  Lake. 

■  The  meetings  in  Yreka, 
Klamath  Falls  and  Alturas  next 
%veek  are  part  of  the  "scoping" 
process  in  which  the  Forest 
Service  and  the  Bureau  of  Land 
Management  will  identify  issues 
that  should  be  addressed  in  an 
Environmental  impact  state- 
ment. 

-  The  50-megawatt  project  is  pro- 
posed by  Calpine  Corp.  of  Santa 
Rosa,  Calif.,  and  has  been  named 
the  Fourmile  Hill  Geothermal 
Development  Project 

The  project  would  be  located 
about  three  miles  northwest  of 
Medicine  Lake,  and  would  strad- 
dle the  border  of  the  Modoc  and 
Klamath  national  forests. 
Medicine  Lake  is  a  popular 
recreation  site  about  50  mil^s 
south  of  Klamath  Falls.  | 

,  About  10  acres  of  land  would 
be  required  for  project.  / 

The  proposal  also  callsyfor 
construction  of  a  24-mile-long, 
2S0-kilovolt  transmission  line  that 
would  cross  mostly  Modoc 
National  Forest  land  to  connect 
with  the  Bonneville  Power 
Administration  system  near 
Highway  139. 

It  has  not  been  determined 
whether  any  part  of  the  project 
or  transmission  line  would  be  vis- 
Ale  from  recreation  facilities  at 
Medicine  Lake,  according  to 
Randall  Sharp,  project  coordina- 
tor for  the  Bureau  of  Land 
Management. 

'.  The  environmental  impact 
statement,  which  will  identify 
alternatives  for  action,  including 
n*o  action,  is  expected  to  take 
more  than  a  year  to  complete. 

■  To  produce  power,  the  project 
would  pump  geothermal  water 
with  a  temperature  of  at  least  450 
degrees  Fahrenheit  from  about 
10 '» -"-lis  '  ~cs -"^  n*  f:.v>  «¥*»!!  ""^ds 

The  geothermal  water  would 
be  used  to  create  steam  that 


At  a  glance 


Written  comments  and  suggestions 
for  the  analysis  process  can  be  submit- 
:ed  until  Jury  12. 

Comments  should  Be  directed  to: 
Randal)  Sharp.  USFS/BLM.  Fourmile  Hill 
Geothermal  Development  Project.  800 
W.  12th  St,  Alturas,  Cairf.  96101. 

For  more  information,  call  Sharp  at 
(916)233-5811. 

Public  meetings  will  be  held 
Tuesday  in  Yreka.  Wednesday  in 
Klamath  Falls,  and  Thursday  in  Alturas 
AD  meetings  begin  at  6:30  p.m. 


returned  to  the  aquifer  through 
three  injection  wells. 

If  approved,  the  power  plant 
could  begin  operation  within 
three  years. 

The  public  meetings  will  be 
held  Tuesday,  June  25,  at  the 
Miners  Inn  Convention  Center  in 
Yreka,  Wednesday,  June  26,  at 
Shilo  Inn  in  Klamath  Falls,  and 
Thursday,  June  27,  at  the 
Alturas  Middle  School  gymnasi- 
um. All  meetings  begin  at  6:30 
p.m. 

Written  comments  and  sug- 
gestions for  the  analysis  process 
can  be  submitted  until  July  12. 
Comments  should  be  directed  to: 
Randall  Sharp,  USFS/BLM. 
Fourmile  Hill  Geothermal 
Development  Project,  800  W.  12th 
St.,  Alturas,  Calif.  96101. 

For  more  information,  call 
Sharp  at  (916)  233-5811. 

Besides  a  permit  from  the  fed- 
eral government,  the  project 
requires  permits  from  the 
Siskiyou  County  Air  Pollution 
Control  District,  and  is  subject  to 
review  by  the  California 
Environmental  Quality  Act. 

An  environmental  impact 
report  will  be  prepared  by  the 
Siskiyou  County  Air  Pollution 
Control  District 


Proposal 
for  power 
plant  gets 
yeas,  nays 

Proposed  construction  of  a 
geothermal  power  plant  near 
Medicine  Lake  drew  both  mild 
objections  and  timid  support 
during  a  scoping  meeting 
Wednesday  evening  at  the 
Klamath  Falls  Shilo  Inn. 

Local  residents  said  a  pro- 
posed 24-mile  power  line  that 
would  link  the  plant  with  the 
Bonneville  Power  Administra- 
lion  grid  would  disrupt  the  view 
•from  their  property  in  the  area. 

The  49.9-megawatt  Fourmile 
Hill  project  would  be  located 
about  three  miles  north  of 
^Medicine  Lake,  a  popular 
camping  spot  on  the  Modoc 
National  Forest. 
i.  Calpine  Corp.  of  Santa  Rosa, 
.Calif.,  proposes  to  lease  about 
"25  acres  of  forest  land  for  oper- 
ation of  the  power  plant  and 
geothermal  wells.  Construction 
could  begin  in  1998,  with  the 
plant  going  on  line  in  late  1999. 
^  -  "I  support  geothermal  devel- 
opment on  Glass  Mountain," 
said  Larry  Hearne,  a  resident 
iin  the  Tionesta  community 
'.south  of  Tulelake.  "But  I  have  a 
;concern  about  the  routing  of  the 
power  line.  There's  definitely 
;an  adverse  visual  impact  in  my 
-neighborhood.'' 

;  -  Hearne  was  one  of  about  a 
dozen  people  who  attended  the 
meeting  to  hear  about  the  pro- 
ject proposal,  and  register  com- 
ments as  the  federal  govern- 
ment begins  analysis  of  how  the 
power  plant  would  affect  the 
environment. 

Hearne  urged  Calpine  to  con- 
sider an  alternate  route  that 
"would  bypass  Tionesta. 
*  The  Forest  Service,  the 
bureau  of  Land  Management 
^and  the  Bonneville  Power 
Administration  will  cooperate 
in  evaluating  the  project's  bene- 
fits and  impacts. 
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:     A      draft      environmental 
impact  statement  is  expect::  to 
;be  released  in  February    : 
There  will  be  a  60-day  public 
.-comment     period     following 
-release  of  the  draft  environ- 
mental impact  statement. 
-:  A  scoping  meeting  was  ::.'- 
•Tuesday  evening  in  Yrefca 
a  third  meeting  was  conduced 
•Thursday  evening  in  Alturss. 


HERALD  AND  NEWS,  Klamath  Falls,  Oregon      Sund,      A 

'  wres°n      Sunday,  Aug.  n,  1995 


Meeting  slated  for 
geothermal  plans 

DORRIS  —  A  public  meeting 
on  the  Calpine  Geothermal 
Project  near  Glass  Mountain 
will  begin  at  6:30  p.m.  Aug.  22 
at  the  Dorris  City  Hall. 

Representatives  from  feder- 
al and  state  government  agen- 
cies, along  with  representatives 
from  Calpine  Corp.  and  MHA 
Environmental  Consulting,  will 
provide  a  briefing. 

The  briefing  is  intended  to 
provide  the  latest  information 
on  the  project.  Glass  Mountain 
is  located  near  Medicine  Lake 
and  Tionesta  in  northern  Modoc 
County.  Public  comments  are 
wanted  regarding  the  scope  and 
content  of  the  project. 

The  Dorris  session  will  be 
the  fourth  public  meeting  on 
the  geothermal  project. 
Previous  meetings  have  been 
held  in  Yreka,  Alturas  and 
Klamath  Falls.  For  more  infor- 
mation contact  Randall  Sharp 
at  (916)  233-5811. 
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Lettefgtp 
vtheEditor 


Go  Rangers! 

Dear  Editor.    '"'■*»_ 

Congratulauons  to  Mcmll  Po- 
lice Chief  Lee  WhalonandOffic- 
e£s  Tom  Pitunan  and  Joe  Hinton 
on  the  fine  job  ihcy  arc  doing  in 
Merrill.  - 

-Not  only  on  enme  but  JpcctR- 
cally  ihc  ingenuity  arxj  organiza- 
tion of  the  Memll  RahgersThis 
s&owsrcal  leadership  and  interest 
in  the  youth  of  our  community. 
Go  Rangers' 

Jim  Harvie 

Candidate  for  Sheriff 

.  Klamath  County 

Klamath  Falls.  Ore. 


Medicine  Lake 

geothermal  project 

meeting  in  Dorris  set 

f os  August  22 

Rcprcscntauves  from  the  federal  and  state  governments,  along  with 
members  of  the  Calpmc  Corporation  and  MHA  Environmental  Con- 
sulting, will  provide  a  bnefing  at  a  public  meeting  scheduled  for  6:30 
p.m.  August  22  at  the  Dorris  City  Hall. 

The  bnefing  is  intended  to  provide  the  latest  information  regarding 

;~the  Calpme  Geothermal  Project  located  near  Glass  Mountain  in  the 

Medicine  Lake  Highlands  (sec  map  below).  The  public  will  be  asked 

to  submit  comments  regarding  the  scope  and  content  of  the  project 

Public  input  will  be  used  to  determine  issues. 

Some  concern  has  already  been  raised  at  pnormeetings  and  in  written 
comments  when  it  was  proposed  for  exploration  wells  to  be  drilled. 
Scvcral  of  the  comments  were  concern  over  Medicine  Lake  being 
effected  and  underground  water  quality  and  quantity  and  whether  hot 
springs  located  in  the  area  would  be  effected. 

Another  concern  was  that  this  project  might  have  a  detrimental  effect 
on  recreation  and  private  land  ownership  in  the  Medicine  Lake  area. 
The  noise  level  of  construction  and  maintenance  was  also  listed  as  a 
concern  along  with  road  conditions  from  heavy  traffic  and  equipment. 

Calpine  proposes  to  develop  a  49.9  megawatt  (MW)  geothermaJ 
power  plant  with  associated  geothermal  production  and  injection  wells, 
well  pads,  roads,  and  interconnected  geothermal  fluid  pipelines  in  the 
Fourmile  Hill  project  area,  which  is  located  approximately  three  miles 
northwest  of  Medicine  Lake. 

The  proposed  action  includes  construction  and  operation  of  a  230- 
kilovolt  transmission  line  that  would  extend  from  the  proposed  power 
plant  site  approximately  24  miles  to  the  east  to  a  connection  with  the 
existing  Bonneville  Power  Administration  Mai  in- Warner  230-kV  trans- 
mission line. 

The  proposed  acoon  would  involve  production  of  geothermal  flu  ids 
(hot  water  and  steam)  from  an  underground  reservoir  produced  from  9 
to  1 1  two-phase  production  wells  located  at  five  proposed  production 
well  pad  sues.  The  fluids  would  be  transponed  via  surface  pipeline  to 
the  power  plant  where  the  steam  would  be  directed  to  two  steam 
turbine -dnven  generators. 

Spent  brine  and  condensate  would  be  pumped  through  surface 
pipelines  to  the  three  proposed  injection  well  pads  back  into  the  ground 
to  subsurface  geothermal  reservoir 

A  total  of  4.15  miles  of  surface  pipeline  and  2.75  miles  of  injection 
line  is  estimated  along  with  approximately  20  acres  (2.5  acres  per  well 
pad)  for  the  production  and  injection  well  pads  for  the  Calpine  project 
The  plan  would  cooupy  about  3  acres.  The  planned  period  of  commer- 
cial operation  for  the  proposed  action  is  45  years. 

This  is  the  fourth  public  meeting  regarding  the  geothermal  project 
Other  meetings  have  been  held  in  Yrcka,  Alturas  and  Klamath  Falls 
Although  the  public's  written  comment  period  was  due  July  12.  Randy 
Sharp.  USFS/BLM  Geothermal  Development  Project  Coordinator, 
stated  that  comments  would  still  be  taken  into  consideration  througho^ 
the  Environmental  Impact  Statement  and  Environmental  Impact  Re- 
port analysis. 


LETTERS  TO  THE 

EDITOR 

ARE  WELCOME 

Send  your  lener  (INCLUDE 
YOUR  SIGNATURE  AND 
NAME,  FULL  ADDRESS,  & 
TEtEPHONE  NUMBERIn- 
dude)  to  Buim  Valley  Star, 
P.O.  Box  70S,  Don-la,  CA 
96023.  or  Lost  River  Star, 
P.O.  Box  768,  Merrill,  OR 
87633. 

The  Star  will  not  prim  lat- 
ter! that  are  unsigned  or 
have  >  lull  eddresa  and  re- 
aervea  the  right  to  print  let- 
ters according  to  our  dis- 
cretion. 


'.  Sawdust  resulting  from  wood 
projects  accomplished  In  a  home 
Workshop  should  be  saved.  It 
Ciakes  a  wonderful  mulch  for  your 
plants  and  garden. 


Aug.  21.  1996.  star 


Thursday  meeting  gives 
information  on  geothermal 
power  plant  project 


Representatives  from  the  fed- 
eral and  state  governments,  along 
with  members  of  the  Calpine  Cor- 
poration and  MHA  Environmen- 
tal Consulting,  will  provide  a  brief- 
ing at  a  public  meeting  scheduled 
for  6:30  p.m.,  August  22  at  the 
Dorris  City  Hall. 

The  briefing  is  to  provic;  the 
latest  information  regarding  the 
Calpine  Geothermal  Project  lo- 
cated near  Glass  Mountain  in  the 
Medicine  Lake  Highlands.  The 
public  will  be  asked  to  submit  com- 
ments regarding  the  scope  and 
content  of  the  project.  Public  input 
will  be  used  to  determine  issues. 

Some  concern  has  already  been 
raised  at  prior  meetings  and  in 
written  comments  when  it  was 
proposed  for  exploration  wells  to 
be  drilled.  Several  of  the  com- 
ments were  concern  over  Medi- 
cine Lake  being  effected  and  un- 
derground water  quality  and  quan- 
tity and  whether  hot  springs  lo- 
cated in  the  area  v  ould  be  ef- 
fected. 

Another  concern  was  that  this 
project  might  have  a  detrimental 
effect  on  recreation  and  private 
land  ownership  in  the  Medicine 
Lake  area.  The  noise  level  of  con- 
struction and  maintenance  was  also 
listed  as  a  concern  along  with  road 
conditions  from  heavy  traffic  and 
equipment. 

Calpine  proposes  to  develop  a 
49.9  megawatt  (M W)  geothermal 
power  plant  with  associated  geo- 


thermal production  and  injection 
wells,  well  pads,  roads,  and  inter- 
connected geothermal  fluid  pipe- 
lines in  the  Fourmile  Hill  project 
area,  which  is  located  approxi- 
mately three  miles  northwest  of 
Medicine  Lake. 

The  proposed  action  includes 
construction  and  operation  of  a 
230-kilovolt  transmission  line  that 
would  extend  from  the  proposed 
power  plant  site  -^proximately  24 
miles  to  the  ease  to  a  connection 
with  the  existing  Bonneville  Power 
Administration  Malin-Wamer 
230-KV  transmission  line. 

A  total  of  4.25  miles  of  surface 
pipeline  and  2.75  miles  of  injec- 
tion line  is  estimated  along  with 
approximately  20  acres  (2.5  acres 
per  well  pad)  for  the  production 
and  injection  well  pads  for  the 
Calpine  project.  The  plan  would 
occupy  about  3  acres.  The  planned 
period  of  commercial  operation 
for  the  proposed  action  is  45  years. 

This  is  the  fourth  public  meeting 
regarding  the  geothermal  project. 
Other  meetings  have  been  held  in 
Yreka,  Alturas  and  Klamath  Falls. 
Although  the  public's  written  com- 
ment period  was  due  July  12, 
Randy  Sharp,  USFS/BLM  Geo- 
thermal Development  Proja  i  Co- 
ordinator, stated  that  comments 
would  still  be  taken  into  consider- 
ation throughout  the  Environmen- 
tal Impact  Statement  and  Environ- 
mental Impact  Report  analysis.      , 


Not  represented 
at  meetings 

Dear  Editor: 

As  a  concerned  citizen  and  Tule- 
lake  city  council  candidate,  I  re- 
cently attended  the  public  meet- 
ings held  at  the  Tulelake-Butte 
Valley  Fairgrounds  on  Aug.  2  and 
15.  These  meetings  were  pertain- 
ing to  the  overall  15-year  Lava 
Beds  National  Monument. 

I  also  attended  the  public  meet- 
ing on  Aug.  22  in  Dorris.  This 
meeting  was  to  receive  input  on 
the  Four-mile  Hill  Gcothermal 
Development  Project  environmen- 
tal impact  statements.  The  project 
is  our  beautiful  Medicine  Lake. 

I  was  really  disappointed  that 
not  one  person  from  the  Tulelake 
city  council  was  there  to  represent 
our  city.  I'm  sure  these  projects 
will  have  some  effect  on  commu- 
nity! 

One  thing  that  bothers  me,  as 
well  others,  about  the  Fore-mile 
Hill  Geothermal  Project  is  the  fact 
that  its  primary  stockholders  (48 
percent)  isn't  from  within  Siskiyou 
County  or  even  the  state  of  Cali- 
fornia. They  aren't  even  from  the 
United  States!  (Sweden,  I  believe!) 

Here's  another  note:  Nov.  5  is 
your  chance  to  vote!  So  if  you're 
not  registered,  go  to  the  local  postal 
service  or  department  of  motor 
vehicles  and  ask  for  a  voter's  reg- 
istrations card.  Fill  it  out  and  mail 
it  in  today! 

Leonard  Dowty,  Jr. 
Tulelake,  Calif. 
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Appendix  C:  Biological  Resources 


This  appendix  provides  background  information  for  the  analysis  of  biological  resources 
for  the  proposed  Fourmile  Hill  Geothermal  Development  Project.  A  summary  of  the 
key  documents  addressing  biological  resources  in  the  project  vicinity  that  have  been 
reviewed  for  the  analysis  is  first  described.  A  summary  of  the  special-status  plants 
known  to  occur  in  the  project  region  is  then  presented  in  Table  C-l.  Table  C-l  is 
followed  by  a  description  of  vegetation  communities  types,  and  the  plants  that  are 
commonly  associated  with  each  vegetation  type.  Table  C-2  summarizes  the 
methodology  used  in  the  biological  studies  that  are  referenced  in  the  EIS/EIR.  Table  C-3 
presents  the  scientific  and  common  name  of  plant  species  observed  in  the  project  area, 
and  the  vegetation  communities  in  which  each  is  typically  found. 

KEY  BIOLOGICAL  RESOURCE  REFERENCES 

Several  surveys  for  vegetation  and  wildlife  species  have  been  conducted  in  the  vicinity 
of  the  Fourmile  Hill  project  area.  The  wellfield  and  power  plant  area  has  been  surveyed 
for  general  vegetation  and  wildlife  resources  and  for  special-status  species  as  well.  All 
proposed  transmission  line  segments  have  been  covered  by  botanical  surveys  that  have 
been  conducted  for  the  proposed  project,  as  well  as  for  other  projects  in  the  vicinity.  All 
of  the  transmission  line  segments  within  the  conifer  forest  habitats  of  the  Medicine  Lake 
Highlands  have  also  been  surveyed  for  special-status  wildlife  species,  including 
northern  goshawk  and  northern  spotted  owl.  Habitat  suitability  surveys  that  were 
focused  on  special-status  wildlife  have  been  carried  out  on  the  Modoc  Plateau  portion 
of  the  study  area,  as  well. 

The  following  reports  that  summarize  biological  survey  work  for  both  vegetation  and 
wildlife  have  been  reviewed  for  the  biological  analysis  of  the  Fourmile  Hill  project: 

•  California-Oregon  Transmission  Project  Draft  EIS/EIR.  Prepared  by 
Envirosphere  Company.  November  1986. 

•  Biological  Survey  Report,  Fourmile  Hill  Assessment  Area.  Prepared  by 
Galea  Wildlife  Consulting.  October  1995. 

•  Biological  and  Cultural  Resource  Assessments  for  the 
CalpineTransmission  Line  Project,  Volume  1 — Report.  Prepared  by 
BioSystems  Analysis,  Inc.  and  JRP  Historical  Consulting  Services. 
February  1996. 

•  Biological  and  Cultural  Resource  Assessments  for  the  Calprne 
Transmission  Line  Project,  Volume  2 — Appendices.  Prepared  by 
BioSystems  Analysis,  Inc.  and  JRP  Historical  Consulting  Services.  January 
1996. 

•  Biological  Survey  Report,  Mount  Hoffman  Assessment  Area.  Prepared  by 
Galea  Wildlife  Consulting.  June  1996. 

The  following  reports  that  focus  on  botanical  resources  have  been  reviewed  for  the 
biological  analysis  of  the  Fourmile  Hill  project: 

•  Rare  Plant  Survey  Report  for  the  Calpine  Geothermal  Project,  Medicine 
Lake,  California.  Prepared  by  Peter  Figura  for  Galea  Wildlife  Consulting. 
1995. 
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•  Report  on  a  Rare  Plant  Survey  Conducted  in  Eastern  Siskiyou  County, 
California.  Prepared  by  Maralyn  Renner  for  Galea  Wildlife  Consulting. 
1995. 

•  Botanical  Resources  Report  for  the  Fourmile  Hill  Geothermal  Project, 
Modoc  and  Klamath  National  Forests.  Prepared  by  Barbara  Leitner  for 
Calpine  Corporation.  October  1996. 

The  following  reports  and  resource  materials  that  focus  on  wildlife  resources  have  been 
reviewed  for  the  biological  analysis  of  the  Fourmile  Hill  project: 

•  Northern  Spotted  Owl  Survey  Information.  Memo  to  Tom  Ratcliff,  Forest 
Biologist,  Modoc  National  Forest  from  James  Villegas,  Wildlife  Biologist, 
Doublehead  Ranger  District.  January  30, 1991. 

•  Biological  Assessment,  Northern  Spotted  Owl,  Unocal  Glass  Mountain 
Geothermal  Project.  Prepared  by  R.J.  Gutierrez,  Ph.D.  and  Dames  & 
Moore.  January  1993. 

•  Wildlife  Habitat  Assessment  Report  of  5  Proposed  Drill  Pads  and  5 
Temperature  Core  Holes  for  California  Exploration  Company,  Modoc 
National  Forest,  California.  Prepared  by  Wildlife  Dynamics,  Inc. 
November  1994. 

•  Fourmile  Hill  Project  Area,  Results  of  1995  American  Marten  Surveys. 
Prepared  by  Galea  Wildlife  Consulting.  1996. 

•  Fourmile  Hill  Geothermal  Exploration  Project,  Biological 
Evaluation  /Assessment:  Threatened,  Endangered,  Proposed,  and  Forest 
Service  Sensitive  Species.  Prepared  by  Frank  Galea,  Galea  Wildlife 
Consulting  and  Dale  Oberlag,  District  Wildlife  Biologist,  Goosenest 
Ranger  District.  March  1996. 

•  Report  on  Element  Occurrences  in  the  Bonita  Butte,  Caldwell  Butte,  Little 
Glass  Mtn.,  Medicine  Lake,  Perez,  Schonchin  Butte,  and  Spaulding  Butte 
7.5  minute  quadrangles.  Prepared  by  Natural  Diversity  Data  Base,  Natural 
Heritage  Division,  California  Department  of  Fish  and  Game.  September 
20, 1996. 

•  Fourmile  Hill  Geothermal  Plant  Development:  Suitability  of  Grouse  Hill 
Goshawk  Stand  for  Northern  Spotted  Owl  and  Limited  Operating  Period 
for  Northern  Goshawk.  Memo  by  Dale  Oberlag,  District  Wildlife  Biologist, 
Goosenest  Ranger  District.  September  9, 1996. 

•  File  Notes  on  Special-Status  Wildlife  Species  of  the  Medicine  Lake 
Highlands,  Doublehead  Ranger  District,  Modoc  National  Forest.  Prepared 
by  Julie  Rechtin,  Biological  Technician,  Big  Valley  Ranger  District.  October 
1996. 

•  Habitat  Suitability  Assessment  for  Special-Status  Bat  Species  on  the 
Proposed  Transmission  Routes  for  the  Fourmile  Hill  Geothermal  Project. 
Prepared  by  Philip  Leitner.  April  1997. 
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Table  C-l:  Special-Status  Plants  Known  to  Occur  in  the  Project  Region 


Scientific  Name 
Common  Name 

Listing  Status  * 
FWS/CA/CNPS/FS 
R-E-D  Code 

Ferns  and  Fern  Allies 

AZOLLACEAE 

Azolla  mexicana 
Mexican  mosquito  fern 

-/-/4/SI 

MARSILIACEAE 

Marsilea  oligospora  Nelson's 
pepperwort 

7-/3/SI 
1-1-1 

OPHIOGLOSSACEAE 

Botn/chium  crenulatum 
Scalloped  moonwort 

SC/-/1B/SI 
2-1-2 

Gymnosperms 

CUPRESSACEAE 

Cuvressus  bakeh 
Baker's  cypress 

-/-/4/SI 
1-2-2 

Dicots 

APIACEAE 

Lomatium  peckianum 
Peck's  lomatium 

C3/-/2/- 

Tauschia  howellii 
Howell's  tauschia 

SC/-/1B/- 

ASTERACEAE 

Anten  naria  flagellaris 
Stoloniferous  pussytoes 

-/-/4/S 
1-2-1 

Arnica  fulgens 
Hillside  arnica 

-/-/2/SI 
3-1-1 

Arnica  sororia 
Twin  arnica 

-/-/2/SI 
2-1-1 

Dimeresia  howellii 
Doublet 

-/-/4/SI 
1-1-1 

Erigeron  elegantulus 
Volcanic  daisy 

-/-/4/SI 
1-1-1 

Erigeron  inornatus  var. 

cahdipetris 

Hot  rock  daisy 

-/-/4/SI 
1-1-3 

Psilocarphus  elatior 
Tall  woolly  marbles 

-/-/4/SI 
1-1-1 

Trimorpha  acris  var.  debilis 
Northern  daisy 

-l-lll- 
2-1-1 

BRASSICACEAE 

Arabis  microphylla  var. 
microvhylla 
Small-leaved  rock  cress 

-/-/4/SI 
1-1-1 

Arabis  oregana 
Oregon  rock  cress 

C3/-/4/SI 

Habitat 


Freshwater  marsh,  ponds,  slow 
water,  exposed  mud 


Freshwater  marsh,  drying  creek 
beds,  vernal  ponds 


Bogs  and  fens,  meadows  in  lower 
montane  coniferous  forest,  fresh- 
water marsh;  very  localized 


Open  slopes  and  flats,  chaparral 
and  lower  montane  coniferous 
forest,  serpentinite  or  volcanic 


Pine-oak  and  juniper  woodland,  on 
volcanic  soils,  2600-5900  ft 

Dry  gravelly  open  granitic  ridges  in 
red  fir  forest,  6500-7500  ft 


Seasonally  moist  places  in  Great 
Basin  scrub 

Open,  damp  depressions  or 
meadows  in  sagebrush  scrub  or 
montane  coniferous  forest 

Loose  volcanic  soil,  openings  in 
Great  Basin  scrub,  pinyon-juniper 
woodland 

Dry  volcanic  soils,  pinyon-juniper 
woodland 

Volcanic  soils  in  sagebrush  scrub 
and  juniper  woodland,  subalpine 
coniferous  forest 

Sandy  volcanic  soils  at  edges  of 
depressions,  pine  and  fir  wood- 
lands 

Meadows,  vernally  mesic  areas, 
stock  ponds 

Openings,  high  elevation  forest; 
meadows,  among  rocks 


Rock  crevices  in  basalt  or  granite, 
pinyon-juniper  woodland 

Rocky,  north-facing  hillsides, 
chaparral  and  lower  montane 
coniferous  forest,  in  serpentine 


Flowering 
Period 


August  (fertile) 
Jul-Aug  (fertile) 
Jun-July  (fertile) 

N/A 


Apr-Jun 
Jun-Aug 

Apr-June 

May-Aug 

May-Jul 

May-July 
Mar-Aug 

Jun-Sep 

May-Aug 
Jul-Aug 

July 
May 
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Table  C-l:  Special-Status  Plants  Known  to  Occur  in  the  Project  Region  (continued) 


Scientific  Name 
Common  Name 

Listing  Status  * 
FWS/CA/CNPS/FS 
R-E-D  Code 

Rorippa  columbiae 
Columbia  yellow  cress 

SC/-/1B/S 
3-2-2 

BORAGINACEAE 

Hackelia  cusickii 
Cusick's  stickseed 

-/-/4/SI 
1-1-1 

CAMPANULACEAE 

Campanula  scabrella 
Rough  harebell 

-/-/4/SI 
1-1-2 

CHENOPODIACEAE 

Chenopodium  simplex 
Large-seeded  goosefoot 

-/-/4/SI 
1-1-1 

ERICACEAE 

Allotropa  virgata 
Sugar  stick 

-/-/-/PB 

n/a 

Pityopus  californicus 
California  pinefoot 

C3/-/4/SI 

FABACEAE 

Astragalus  inversus 
Susanville  milk-vetch 

-/-/4/SI 
1-1-3 

Lupinus  aridus  ssp. 

ashlandensis 

Mt.  Ashland  lupine 

-/co/-/- 

Thermopsis  californica  var. 

argentata 

Silvery  false-lupine 

-/-/4/SI 

1-1-3 

GENTIANACEAE 

Gentiana  affinis  var. 

parvidentata 

Small-toothed  prairie  gentian 

-/-/3/SI 
?-?-l 

HYDROPHYLLACEAE 

Phacelia  cooker 
Cooke's  phacelia 

SC/-/1B/- 
3-3-3 

Phacelia  inundata 
Playa  phacelia 

-/-/2/SI 
2-1-1 

LAMIACEAE 

Pogogynefloribunda 
Profuse-flowered  pogogyne 

-/-/IB/SI 
2-2-3 

Salvia  dorrii  var.  incana 
Fleshy  sage 

-/-/3/SI 
?-?-l 

MALVACEAE 

lliamna  baken 
Baker's  globe  mallow 

-/-/4/SI 
1-1-1 

ONAGRACEAE 

Camissonia  minor 
Nelson's  evening-primrose 

-/-/4/SI 
1-1-1 

POLYGONACEAE 

Eriogonum  prociduum 
Prostrate  buckwheat 

SC/-/1B/S 
2-2-2 

Habitat 


Meadows,  playas  surrounded  by 
pinyon-juniper  woodland 


Under  shelter  of  low  junipers, 
sometimes  in  old  disturbances, 
rocky  loam  soils 


Alpine  boulder  and  rock  field 
(serpentine  or  volcanic) 


Lower  montane  coniferous  forest 
(openings,  disturbed  areas), 
pinyon-juniper  wdld.  (carbonate) 


Flowering 
Period 


May-Sept 
Apr-Jul 

Aug-Sept 
June-Oct 

Jun-Aug 


Oak,  mixed  or  conifer  forests  with 
thick  humus;  saprophytic 

Mixed  or  coniferous  forests  in  deep      May-Jul 
shade;  saprophytic 


Great  Basin  scrub,  lower  montane        May-Sept 
coniferous  forest 

Dry,  coarse  granitic  soil,  open  Jul-Aug 

sunny  alpine  slopes,  Mt.  Ashland 

Open  forests  and  ridges,  pine  Apr-Jul 

woodland,  pinyon-juniper 

woodland 


Low  places,  big  sagebrush  scrub,  Jul-Sept 

lower  montane  coniferous  forest 


Sandy  volcanic  soils,  shrublands  Jun-Jul 

and  lower  montane  coniferous 

forest 

Alkaline  playas  and  drying  lake  May-Jul 

margins,  big  sagebrush^  scrub, 
ponderosa  pine  forest 


Vernal  pools  Jun-Aug 

Silty  and  rocky  soils  in  sagebrush         May-July 
scrub,  juniper  woodland 


Juniper  woodland,  sagebrush  Jul-Aug 

scrub,  volcanic  soils 


Sandy  slopes  and  flats,  sagebrush         May-June 
scrub 


Barren  volcanic  slopes,  Great  Basin       May-Jul 
scrub,  pinyon-juniper  woodland, 
upper  montane  coniferous  forest 
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Table  C-l:  Special-Status  Plants  Known  to  Occur  in  the  Project  Region  (continued) 


Scientific  Name 
Common  Name 

Listing  Status  * 
FWS/CA/CNPS/FS 
R-E-D  Code 

Polygonum  polygaloides  ssp. 

esotericum 

Modoc  County  knotweed 

-A/1B/S 
3-3-3 

PORTULACACEAE 

Claytonia  umbellata 
Great  Basin  claytonia 

-/-/IB/SI 
3-1-2 

POLEMONIACEAE 

Collomia  larsenii 
Talus  collomia 

C3/-/2/S 
3-1-2 

Navarretia  subuligera 
Awl-leaved  navarretia 

-/-/4/SI 
1-1-2 

RANUNCULACEAE 

Delphinium  stachydeum 
Spiked  larkspur 

-/-/4/SI 
1-1-2 

ROSACEAE 

Ivesiapaniculata 
Ash  Creek  ivesia 

SC/-/1B/S 
2-1-3 

Potentilla  newberryi 
Newberry's  cinquefoil 

-/-/2/SI 
2-1-1 

SALICACEAE 

Salix  bebbiana 
Gray  willow 

-/-/2/SI 
2-1-1 

SCROPHULARIACEAE 

Gratiola  heterosepala 
Boggs  Lake  hedge-hyssop 

C3/CE/1B/S 
1-2-2 

Mimulus  pygmaeus 

Egg  Lake  monkeyflower 

SC/-/1B/S 
2-1-2 

Pedicularis  howellii 
Howell's  lousewort 

C3/-/4/- 
1-1-2 

Penstemon  cinereus 
Gray  beardtongue 

-/-/4/SI 
1-1-1 

Penstemon  cinicola 
Ash  beardtongue 

C3/-/4/SI 
1-2-1 

Penstemon  heterdoxus  var. 

shastensis 

Shasta  beardtongue 

-/-/4/SI 
1-1-3 

Monocots 

CYPERACEAE 

Carex  geyeri 
Geyer  s  sedge 

-/-/4/SI 
1-2-1 

Carex  halliana 
Halls  sedge 

-/-/2/SI 
3-1-1 

Carex  petaseta 
Liddon's  sedge 

-/-/2/SI 
2-1-1 

LILIACEAE 

Calochortus  greenei 
Greene's  mariposa  lily 

SC/-/1B/SI 
3-2-2 

Calochortus  longebarbatus  var. 

SC/-/1B/S 

Habitat 


Moist  areas,  vernal  pools,  swales  in 
big  sagebrush  scrub 


Talus  slopes  in  red  fir  and 
lodgepole  pine  forest 


Volcanic  talus,  rock  field,  closed- 
cone  and  upper  montane 
coniferous  forest 

Open,  rocky  moist  places,  mixed 
hardwood,  lower  coniferous  forest 


Flowering 
Period 


Jun-Aug 


June-Aug 
(talus) 


July-Oct 


May-Aug 


longebarbatus 
Long-haired  star  tulip 


Great  Basin  scrub,  edges  of  upper         Jul-Aug 
montane  coniferous  forest 


Shallow  rocky  volcanic  soils,  open        Jun-Jul 
sagebrush  scrub,  juniper  woodland 

Receding  shorelines  of  freshwater         May-Aug 
marshes 


Riparian  scrub  and  freshwater  March 

marsh 


Receding  water  of  freshwater  Apr-Jun 

marsh,  vernal  pools 

Volcanic  clay  soils,  vernally  moist         May-Jun 
meadows,  mud  flats,  streams 

Dry  ridges,  often  on  serpentine,  in        Jun-Aug 
red  fir  forest 

Gravelly  volcanic  soils,  rock  May-Aug 

outcrops,  sagebrush  scrub,  juniper 
woodland 

Meadows  in  volcanic,  sandy  soils,        Jun-Aug 
lower  montane  coniferous  forest 

Dry  to  moist  meadows,  openings  in      Jun-Aug 
conifer  forest,  volcanic  soils 


Dry  volcanic  slopes,  sagebrush,  May-June 

open  ponderosa  pine  woods 

Dry,  open  slopes  of  meadows,  in  July-Aug 

fmmice,  juniper  woodland, 
odgepole  pine  forest 

Dry  to  wet  meadows,  open  woods,       June-July 
lower  montane  coniferous  forest 


Volcanic  soils,  shrubby  hillsides  Jun-Aug 

and  open  woodlands 

Open  meadows  and  drainages,  clay     Jun-July 

soils,  lower  montane  coniferous 

forests 
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Table  C-l:  Special-Status  Plants  Known  to  Occur  in  the  Project  Region  (continued) 


Scientific  Name 
Common  Name 


Trillium  ovatum  ssp.  oettingeri 
Salmon  Mts.  wakerobin 


ORCHIDACEAE 

Cypripedium  montanum 
Mountain  lady's  slipper 


Listing  Status  * 
FWS/CA/CNPS/FS 
R-E-D  Code 

C3/-/4/- 
1-2-3 


C3/-/4/SI 
1-1-2 


Habitat 


Streamside  and  lake  perimeters, 
moist  wooded  slopes,  mixed 
evergreen  forest 


Moist  sites,  broadleaf  upland  and 
lower  montane  conif.  forest 


Flowering 
Period 


Feb-May 


Mar-July 


Notes: 

*Status  abbreviations  are  as  follows: 

FWS-U.S.  Fish  and  Wildlife  Service;  SC -Species  of  Concern  (formerly  Candidate  Lists  1  and  2):  C3- 
Candidate  List  3,  all  cases  on  this  list  too  widespread  and/or  not  threatened; 

CA— California  Department  of  Fish  and  Game;  CE-Endangered;  CO-Candidate  for  listing,  Oregon; 

CNPS—California  Native  Plant  Society;  IB-plants  rare,  threatened  or  endangered  in  California  and 
elsewhere;  2-rare,  threatenedo  or  endangered  in  California  but  not  elsewhere;  3-plants  about  which 
more  information  is  needed,  a  review  list;  4-plants  of  limited  distribution  (a  watch  list); 

FS--U.S.  Forest  Service;  S-sensitive  (on  either  the  Modoc  or  Klamath  National  Forest;  SI-Modoc  National 
Forest  special  interest  plants;  PB-protection  buffer,  Northwest  Forest  Plan. 

SOURCE:  Leitner  1996 
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DESCRIPTION  OF  VEGETATION  COMMUNITIES  AND  ASSOCIATED  PLANTS 

The  follow  discussion  describes  the  vegetation  communities  that  have  been  identified  in 
the  project  area.  For  each  community,  typical  vegetation  usually  found  within  the 
community  is  identified;  for  the  actual  vegetation  that  exists  within  these  communities 
in  the  project  area,  see  Section  3.7-  Vegetation.  Equivalent  Wildlife  Habitat  Relationship 
(WHR)  Unit  terms  are  presented  as  a  cross-reference.  Table  C-2  (which  follows  the 
habitat  descriptions)  presents  the  scientific  and  common  name  of  plant  species  observed 
in  the  project  area,  and  the  vegetation  communities  in  which  each  is  typically  found. 

Lodgepole  Pine  Forest  (WHR  Unit:  Lodgepole  Pine) 

This  vegetation  community  is  strongly  dominated  by  a  single  species,  lodgepole  pine 
(Pinus  contorta  ssp.  miirrayana).  Compared  with  other  conifers,  lodgepole  pine  is  tolerant 
of  nutrient-poor  soils,  disturbance,  high  light  levels,  and  high  soil  moisture;  it  "pioneers" 
in  open  or  disturbed  habitats.  Lodgepole  pine  is  often  the  first  conifer  to  become 
established  following  logging  and  fire,  it  invades  meadows  in  the  absence  of  fire,  and  it 
forms  a  self-sustaining  forest  on  thin  or  nutrient-poor  soils,  often  in  basins  where  cold 
air  drainage  may  also  be  a  factor.  In  moist  sites,  lodgepole  pine  has  an  understory  of 
many  meadow-associated  herbs,  grasses  and  sedges  (Carex  spp.).  In  dry  sites,  the 
understory  is  a  very  sparse  cover  of  herbs,  including  Ross'  sedge  (Carex  rossii)  dwarf 
lupine  (Lupinus  lepidus  var.  sellulus)  and  white  lupine  (L.  albicaulis).  Lodgepole  pine 
forest  is  widespread  in  the  Medicine  Lake  Highlands. 

Red  Fir  Forest  (WHR  Unit:  Red  Fir) 

This  vegetation  community  is  dominated  by  red  fir  (Abies  magnified  ).  In  its  late  serai 
stage  form,  red  fir  forest  is  a  tall,  dense  forest  through  which  little  light  penetrates.  The 
overstory  is  strongly  dominated  by  red  fir,  although  in  more  sparse  or  disturbed  sites  it 
is  joined  by  lodgepole  pine,  Jeffrey  pine  (Pinus  jeffreyi)  and  western  white  pine  (Pinus 
monticola)  (BioSystems  1996).  The  understory  is  usually  sparse,  consisting  of  smaller 
trees  of  all  these  species,  as  well  as  mountain  chinquapin  (Chrysolepis  sempervirens), 
pinemat  manzanita  (Arctostaphylos  nevadensis),  greenleaf  manzanita  (A.  patula)  and  wax 
currant  (Ribes  cereum  var.  cereum),  these  shrubs  typically  occurring  in  openings  and 
rocky  outcrops.  Accumulations  of  downed  woody  debris  may  be  substantial  in 
sheltered  sites.  Areas  mapped  as  red  fir  were  generally  late  serai  stage  stands  where  this 
species  was  clearly  dominant,  usually  with  minimal  logging.  Slopes  in  the  Medicine 
Lake  Highlands  with  adequate  soil  development  supported  extensive  stands  of  red  fir 
forest,  although  the  remaining  stands  are  generally  restricted  to  steep  slopes  where 
harvest  is  difficult. 

Upper  Montane  Mixed  Conifer  Forest  (WHR  Units:  Subalpine  conifer;  Lodgepole 
Pine  (in  part),  Red  Fir  (in  part) 

This  vegetation  community  represents  a  transition  between  red  fir  forest,  lodgepole 
pine  forest,  and  lower  montane  mixed  conifer  forest.  In  its  natural  state,  upper  montane 
mixed  conifer  forest  is  a  dense  forest  of  tall  conifers,  with  a  mixture  of  species  co- 
dominating.  In  the  Medicine  Lake  Highlands,  the  principal  tree  species  are  red  fir, 
lodgepole  pine,  western  white  pine  and  Jeffrey  pine,  but  at  lower  elevations  red  fir 
disappears  and  the  mixture  contains  more  ponderosa  pine  (Pinus  ponderosa),  sugar  pine 
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(Pinus  lambertiana),  white  fir  and  incense-cedar  (Calocedrus  decurrens)  (BioSystems  1996). 
The  understory  varies,  depending  on  elevation  and  canopy  closure.  Shrubs  such  as 
pinemat  and  greenleaf  manzanita  and  wax  currant  are  frequent  in  openings.  Western 
needlegrass  (Achnatherum  occidentalis  ssp.  occidentalis)  and  squirreltail  (Elymus  elymoides) 
are  common  in  openings  and  disturbed  sites,  and  a  number  of  sedges  are  frequent  in 
the  understory.  Previous  and  ongoing  human  disturbances  in  the  study  area  have 
influenced  the  distribution  and  dominance  of  forest  trees,  as  well  as  the  composition 
and  structure  of  the  forest.  Logging  removes  most  of  the  larger  red  fir  and  Jeffrey  pine, 
and  the  resulting  forest  contains  a  higher  proportion  of  lodgepole  pine  and  small 
amounts  of  other  conifers.  As  a  result,  some  areas  mapped  on  WHR  maps  as  red  fir 
forest  were  mapped  as  upper  montane  mixed  conifer  forest  here. 

Meadow  (WHR  Unit:  Wet  Meadow;  Lodgepole  Pine  (in  part) 

Meadows  are  dense  growths  of  grasses,  sedges  and  other  perennial  herbs  that  grow  in 
areas  of  persistent  soil  moisture.  They  occur  in  topographic  lows,  surrounded  by  better- 
drained,  coarser  soils  on  the  uplands.  Typical  species  in  the  meadows  include  sedges, 
monkeyflower  (Mimulus  spp.),  meadow  barley  (Hordeum  brachyanthum),  yarrow 
(Achillea  millefolia),  checkerbloom  (Sidalcea  oregana  ssp.  oregana)  and  hairgrass 
(Deschampsia  sp.).  Meadows  were  mapped  only  in  the  immediate  vicinity  of  Medicine 
Lake. 

Montane  Chaparral  (WHR  Unit:  Montane  Chaparral) 

Montane  chaparral  is  a  shrub-dominated  type  that  occurs  in  a  mosaic  with  forested 
types.  It  may  occur  as  a  serai  stage,  following  fire  or  logging,  and  also  may  occupy 
rocky  areas  with  limited  soil  development.  In  the  Medicine  Lake  Highlands,  montane 
chaparral  is  usually  dominated  by  greenleaf  manzanita,  tobacco  brush  (Ceanothus 
velutinus),  mahala  mat  (Ceanothus  prostratus),  chinquapin,  wax  currant,  and  an 
assortment  of  herbs  and  grasses.  Most  occurrences  were  to  small  to  map,  but  an 
extensive  area  of  montane  chaparral  occurs  on  the  freshwater  pipeline  route  northeast 
of  the  Medicine  Lake  Glass  Flow. 

Rock  Outcrops  (WHR  Unit:  Barren) 

The  plant  species  found  in  rock  outcrops  depends  upon  the  type  of  rock,  the  size  of  the 
outcrop,  degree  of  weathering,  elevation  and  exposure.  The  recent  lava  flows  of  the 
Medicine  Lake  Highlands  have  little  soil  development,  and  as  a  result  are  very  sparsely 
vegetated.  A  few  Jeffrey  pine  and  lodgepole  pine  grow  in  sheltered  sites.  Shrubs  include 
Davidson's  penstemon  (Penstemon  davidsonii),  desert  ocean  spray  (Holodiscus 
microphyllus  var.  glabrescens),  fern  bush  (Chamaebatiaria  millefolum),  chinquapin,  mahala 
mat,  and  manzanita.  Rock  outcrops  in  the  lower-elevation  Modoc  Plateau  tend  to  have 
more  soil  accumulation  due  to  the  greater  age  of  the  rocks,  and  they  also  tend  to 
support  a  higher  abundance  of  plant  life.  Typical  of  these  rock  outcrops  are  Utah 
serviceberry  (Amelanchier  utahensis),  gray  horsebrush  (Tetradymia  canescens),  and 
paintbrush  (Castilleja  linearifolia).  Rock  outcrops  are  frequent  in  the  study  area,  but  most 
are  too  small  to  map. 
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Herbaceous  (WHR  Unit:  Barren) 

This  vegetation  community  consists  of  naturally  barren  areas  that  support  sparse, 
mostly  non-woody  vegetation.  They  may  consist  of  topographic  lows,  such  as  Arnica 
Sink,  or  outcroppings  of  pumice  or  ash  deposits.  Such  areas  support  small  herbaceous 
perennials  such  as  dwarf  lupine,  dwarf  hulsea  (Hulsea  nana),  and  buckwheat  {Eriogonum 
spp.). 

Lower  Montane  Mixed  Conifer  Forest  (WHR  Unit:  Ponderosa  Pine) 

This  vegetation  community  is  found  between  the  lower  limit  of  upper  montane  mixed 
conifer  forest  and  the  upper  elevational  limit  of  ponderosa  pine  forest.  It  consists  of  a 
mixture  of  lodgepole  pine,  ponderosa  pine,  sugar  pine,  white  fir  and  small  amounts  of 
other  species.  Tree  cover  is  moderate  to  dense,  and  the  understory  is  variable 
depending  on  tree  canopy  closure,  soil  development,  and  precipitation.  Chinquapin 
and  manzanita  are  more  common  at  the  upper  elevations,  while  bitterbrush  (Purshia 
tridentata)  and  Utah  serviceberry  are  more  common  at  the  lower  elevations. 

Ponderosa  Pine  Forest  (WHR  Unit:  Eastside  Pine) 

Within  the  project  area,  ponderosa  pine  forest  is  transitional  from  the  lower  montane 
conifer  forest  at  its  higher  elevational  range  to  the  shrublands  and  juniper  woodlands  of 
the  Modoc  Plateau  at  its  lower  elevational  limit.  At  its  upper  elevational  limit, 
ponderosa  pine  somewhat  resembles  lower  montane  conifer  forest  in  that  small 
amounts  of  white  fir  and  incense-cedar  are  present,  and  the  largely  shrub-dominated 
understory  consists  mainly  of  greenleaf  manzanita  and  bitterbrush.  At  lower  elevations, 
ponderosa  pine  becomes  the  sole  dominant  tree  species.  Both  ponderosa  pine  and  the 
shrub  understory  becomes  more  sparse,  and  the  understory  more  dominated  by  herbs 
such  as  western  needlegrass,  squirreltail,  wicker  buckwheat  {Eriogonum  vimineum),  and 
cheatgrass  (Bromus  tectorum). 

Ponderosa  Pine  Plantation  (WHR  Unit:  Eastside  Pine) 

This  artificial  habitat  consists  of  even-age  stands  of  planted  ponderosa  pines.  Since  the 
soil  is  considerably  disturbed  in  preparation  of  a  tree  plantation,  the  understory  shrubs 
and  herbs  are  those  found  in  disturbed  habitats  (see  below).  Ponderosa  pine  plantation 
is  found  on  the  west  side  of  the  Modoc  Plateau. 

Northern  Juniper  Woodland  (WHR  Unit:  Juniper  Shrub) 

Northern  juniper  woodland  is  dominated  by  a  single  tree  species,  northern  (or  western) 
juniper  (Juniperus  occidentalis).  It  varies  from  nearly  closed-canopy  forest  to  open 
savanna,  grading  into  the  scrub  types  found  on  the  Modoc  Plateau.  Typical  understory 
species  in  northern  juniper  woodland  include  big  sagebrush  {Artemisia  tridentata), 
sticky-leaved  rabbitbrush  {Chrysothamnus  viscidiflorus),  common  rabbitbrush  (C. 
nauseosus),  and  bitterbrush.  This  habitat  type  is  widespread  on  the  Modoc  Plateau. 

Sagebrush  Scrub  (WHR  Unit:  Shrub) 

Sagebrush  scrub  is  a  shrubby  vegetation  community,  dominated  or  co-dominated  by 
big  sagebrush,  low  sagebrush  {Artemisia  arbuscula),  common  rabbitbrush,  sticky 
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rabbitbrush  and  bitterbrush,  the  composition  depending  on  site  conditions  and 
management  practices.  Canopy  cover  by  shrubs  is  usually  high.  Sagebrush  scrub 
occupies  well-drained  soils  of  moderate  depth,  grading  into  northern  juniper  woodland 
on  more  rocky  sites,  meadows  on  heavier  and  less  well-drained  soils,  ponderosa  pine 
forest  or  bitterbrush  scrub  in  areas  of  higher  rainfall,  and  rabbitbrush  scrub  on 
disturbed  sites.  Sagebrush  scrub  is  well-represented  on  the  Modoc  Plateau. 

Rabbitbrush  Scrub  (WHR  Unit:  Shrub) 

Dominated  by  sticky-leaved  rabbitbrush,  this  community  may  be  considered 
successional,  resulting  from  clearing,  fire,  or  other  disturbance.  Other  common  species 
include  ruboer  rabbitbrush,  cheatgrass,  wicker  buckwheat,  hareleaf  (Lagophylla 
ramosissima),  tall  annual  willowherb  (Epilobium  brachycarpum),  and  pincushions 
(Chaenactis  douglasii).  It  occurs  naturally  on  old  lava  flows  with  a  small  amount  of  soil 
development,  and  also  occurs  on  deeper  soils  where  human  disturbance  has  taken 
place.  It  grades,  sometimes  abruptly,  into  sagebrush  scrub  and  northern  juniper  scrub, 
or  into  barren  areas  where  there  is  ongoing  disturbance. 

Vernal  Marsh/Stockpond  (WHR  Unit:  Water) 

Vernal  marsh  habitats  are  uncommon  in  the  study  area,  due  to  the  porosity  of  the 
volcanic  substrates.  Vernal  marsh  has  low,  annual  herbaceous  vegetation,  similar  to  that 
found  in  vernal  pools:  downingia  (Downingia  bicornuta),  button-celery  (Eryngium 
alismaefolium),  rush  (Juncus  spp.),  buttercup  (Ranunculus  aquatilis)  and  sedge. 
Stockponds  are  human-made,  often  highly  disturbed  examples  of  seasonal  wetlands, 
and  so  are  included  in  this  habitat  type.  One  large  vernal  marsh,  Dry  Lake,  is  located  on 
the  C2  transmission  line  corridor.  Stockponds  are  scattered  throughout  the  eastern 
transmission  line  corridors  on  the  Modoc  Plateau. 

Disturbed  (WHR  Unit:  no  equivalent) 

This  classification  was  used  where  recent,  generally  human-caused  disturbance  or  fire 
has  resulted  in  a  bare,  unvegetated  area  or  sparse  vegetation  consisting  of  weedy, 
pioneering  species.  The  shrub  cover  is  generally  low,  consisting  of  sticky-leaved 
rabbitbrush,  rubber  rabbitbrush,  and  Bloomer's  goldenbush.  Herbaceous  cover  is  low  to 
moderate,  consisting  mainly  of  annuals  such  as  wicker  buckwheat,  cheatgrass,  tall 
annual  willowherb,  and  pincushions. 

Agriculture/Planted  (WHR  Unit:  no  equivalent) 

This  habitat  type  includes  actively  cultivated  areas,  and  those  that  have  been  seeded 
with  non-native  perennial  bunchgrasses  such  as  crested  wheatgrass  (Agropyron 
cristatum)  for  range  improvement. 
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Table  C-2:  Summary  of  Methodology  of  Botanical  and  Wildlife  Studies  Referenced  in 

EIS/EIR 

Surveyor(s) 

Area  Surveyed 

Date(s) 
Surveyed 

Target  Species 

Survey 
Technique(s) 

Reference 

Dr.  R. 

8,700  acres 

1992:  18  days 

Northern 

stationary  call 

Gutierrez  and 

Gutierrez  and 

within  Glass 

btwn  May  30 

spotted  owl 

points  and 

Dames  & 

Dames  & 

Mountain 

and  July  19 

repeat  visits 

Moore  1993 

Moore 

Federal  Unit 

BioSystems 

Transmission 

1995:  July  1-4, 

all  potential 

literature 

BioSystems 

Analysis, 

line  segments 

Aug.  25-24, 

special  status 

search;  visual 

Analysis 

Santa  Cruz, 

A3,  Bl,  CI 

Sept.  8-17, 

plants 

assessment 

1996a 

CA 

(21,760  acres) 

BioSystems 

13,  440  acres 

1995:  Oct.  9- 

all  potential 

literature 

BioSystems 

Analysis, 

within 

12 

special  status 

search;  habitat 

Analysis 

Santa  Cruz, 

previous 

animals 

assessment 

1996a 

CA 

study  site 

Galea  Wildlife 

Calpine 

1994, 1995: 

N.  spotted 

Literature 

Galea  Wildlife 

Consulting, 

geothermal 

spring  and 
summer 

owl,  N. 

search,  habitat 

Consulting 

Crescent  City, 

exploration 

goshawk, 

suitability 

1995 

CA 

site:  approx. 

(number  of 

osprey,  bald 

assessment, 

8,000  acres 

days 
unknown) 

eagle,  Amer. 

snow  tracking 

centered  on 

marten,  Sierra 

proposed 

Nev.  red  fox, 

power  plant 

Townsend's 

and  wellfield 

big-eared  bat, 
5  other  bat 
species  of 
special 
concern 

Peter  Figura 

Pipeline 

1995:  July  28- 

all  potential 

visual  survey 

Galea  Wildlife 

and  Marilyn 

corridors  and 

29,  Sept.  2-5 

special  status 

Consulting 

Renner  for 

drilling  pad 

plants 

1995 

Galea  Wildlife 

sites  near 

Consulting 

Fourmile  Hill 

Galea  Wildlife 

Calpine's  Mt. 

1994:  June  12- 

Peregrine 

stationary  call 

Galea  Wildlife 

Consulting, 

Hoffman 

15,  24-26, 

falcon,  N. 

points,  call 

Consulting 

Crescent  City, 

Assessment 

Aug.  15-17 

spotted  owl, 

playback, 

1996a 

CA 

Area  (approx. 

1995:  June  13- 

bald  eagle, 

snow 

20,500  acres) 

15,  25-26,  July 
19-21,  Aug. 

16-17,  21-23 

Amer.  marten, 

tracking, 

Pacific  fisher, 

habitat 

N.  goshawk, 

suitability 

great  gray 

assessment, 

owl, 

visual  surveys 

Townsend's 

big-eared  bat, 

Sierra  Nev. 

red  fox 
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Table  C-2:  Methodology  of  Wildlife  Studies  Within  or  Near 

Project  Area  (continued) 

Surveyor(s) 

Area  Surveyed 

Date(s) 
Surveyed 

Target  Species 

Survey 
Technique(s) 

Reference 

Galea  Wildlife 

Fourmile  Hill 

1995:  April  22, 

American 

snow  tracking, 

Galea  Wildlife 

Consulting, 

Geothermal 

May  3,  July  18, 

marten 

visual  surveys 

Consulting 

Crescent  City, 

Project  Pad 

29 

for  den  sites 

1996b 

CA 

#88-28  and 
vicinity 

Dr.  Phillip 

29  12-acre 

dates  unknown 

nine  special 

Developed 

P.  Leitner  1997 

Leitner,  Orinda, 

sampling  units 

status  bat 

habitat 

CA 

along  all 
Fourmile  Hill 
Geothermal 
Development 
Project 
transmission 
line  alternatives 
(=  348  acres) 

species 

suitability 
model  for 
diurnal  roosts; 
verified  model 
with  field 
sampling 

Barbara 

Entire  Fourmile 

1996:  July  14- 

all  potentially 

literature 

B.  Leitner  1996, 

Leitner,  Orinda, 

Hill 

18,  Aug.  12-16; 

occurring 

search,  visual 

1997 

CA 

Geothermal 

1997:  June  2-6, 

species  status 

survey,  habitat 

Development 

August  15 

plants 

assessment 

Project  area 

C-12 
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Table  C-3:  Plants  Observed,  by  Habitat,  in  the  Study  Area 


Habitats: 

D 
H 

J 
L 
M 
O 


Disturbed  Areas 

Herbaceous,  Barren 

Northern  Juniper  Woodland 

Lodgepole  Pine  Forest 

Meadow 

Outcroppings,  Montane  Chaparral 


PP  =  Ponderosa  Pine  Forest 

R  =  Red  Fir  Forest 

SL  =  Shrublands,  Modoc  Plateau 

U  =  Upper  Montane  Mixed  Conifer  Forest 

V  =  Vernal  Pools,  Intermittent  Lakes 

W  =  White  Fir  Forest  (Lower  Montane  Conifer  Forest) 


Scientific  Name 
Common  Name 

ALISMATACEAE 

Damasonium  californicum 


D 


H 


M 


O 


PP       R 


SL       U 


W 


AMARANTHACEAE 

Amaranthus  sp.  D 

Pigweed 

APIACEAE 
Eryngmm  alismaefolium 
Coyote  thistle 
Eryngmm  mathiasiae 
Mathias'  button  celery 

APOCYNACEAE 

Apocynum  cf.  androsaemifolium  D 

Bitter  dogbane 

ASCLEPIADACEAE 

Asclepias  fasicularis  D 

Narrow-leaved  knotweed 

ASTERACEAE 

Achillea  millefolia 

Common  yarrow 

Ageratina  occidentalis 

Western  snakeroot 

Agoseris  aurantiaca 

Orange  agoseris 

A  n  ten  na  na  geyerii  D 

Pinewoods  pussytoes 

Antennaria  rosea  ssp.wsea  D 

Rosy  pussytoes 

Aster  foliaceus 

Alpine  leafy-bract  aster 

Arnica  chamissoms  ssp.foliosa 

Meadow  arnica 

Artemisia  tridentata 

Big  basin  sagebrush 

Chaenactis  douglasii  var.  douglasii  D 

LXisty  maidens 

Chrysothamnus  nauseosus  D 

Rubber  rabbitbrush 

Chrysothamnus  viscidiflorus  D 

Yellow  rabbitbrush 

Cirsium  californicum  D 

California  thistle 

Conyza  canadensis  D 

Horseweed 

Ericameria  bloomeri  var.  bloomen  D 

Rabbitbrush  goldenweed 

Engeron  pumuus  var.  intermedius 

Hairy  daisy 

Enophyllum  sp. 

Woolly  sunflower 

Gnaphalium  luteo-album  D 

Cudweed 


V 
V 


O 


SL 


M 


O 

o 


H 


PP 
PP 


SL 


SL 
SL 
SL 
SL 


O 


PP 


M 


SL 

SL       U 


U 


W 
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APPENDIX  C:  BIOLOGICAL  RESOURCES 


Table  C-3:  Plants  Observed,  by  Habitat,  in  the  Study  Area  (continued) 


Habitats: 

D     =      Disturbed  Areas 

PP 

H     =      Herbaceous,  Barren 

R 

J       *      Northern  Juniper  Woodland 
L      =      Lodgepole  Pine  Forest 
M     =      Meadow 

SL 

U 
V 

0     =      Outcroppings,  Montane  Chaparral 

w 

Scientific  Name                                           D        H 
Common  Name 

J           L 

Ponderosa  Pine  Forest 

Red  Fir  Forest 

Shrublands,  Modoc  Plateau 

Upper  Montane  Mixed  Conifer  Forest 

Vernal  Pools,  Intermittent  Lakes 

White  Fir  Forest  (Lower  Montane  Conifer  Forest) 


M        O 


PP       R 


Gnndelia  camporum  var.bracteosum 

Gumplant 

Helianthus  annuus  D 

Common  sunflower 

Hieraaum  albiflorum 

White  hawkweed 

Hieraaum  homdum 

Prickly  hawkweed 

Hulsea  nana 

Dwarf  hulsea 

Iva  axillaris  D 

Poverty  weed 

Lactuca  serriola  D 

Prickly  lettuce 

Lagophylla  ramosissima  D 

Hareleaf 

Lessingia  cf.  filaginifoha  D 

California  aster 

Psilocarpus  brevissimus  var.  brevissimus 

Dwarf  woolly-marbles 

Sonchus  oleraceus  D 

Common  sow  thistle 

Stephanomeria  lactucma  D        H 

Lettuce-like  stephanomeria 

Taraxacum  officinale  D 

Common  dandelion 

Tetradymia  canescens 

Horsebrush 

Tragopogon  dubius  D 

Goat's  beard 

BERBERIDACEAE 

Berbens  nervosa 
Oregon  grape 

BORAGINACEAE 

Cryptantha  sp. 
Cryptantha 
Hackelia  cf.  velutina 
Velvet  stickseed 
Plagiobothrys  cognatus 
Popcorn  flower 

BRASSICACEAE 

Arabis  platysperma  var.  platysperma  D 

Rock  cress 

Arabis  rectissima  var.  rectissima  D 

Rector's  rock  cress 

Arabis  sp. 

Rock  cress 

Descuraima  sophia  D 

Tansy  mustard 

Lepiaium  sp.  D 

Peppergrass 

Polyctemum  fremontii  var.fremontu 

Polyctenium 


SL       U 


SL 


W 


o 
o 
o 


o 


SL 

SL 

SL       U 

SL 


O 


u 


o 


M 


V 


o 
o 
o 


R 


U 
U 
U 


SL 
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Table  C-3:  Plants  Observed,  by  Habitat,  in  the  Study  Area  (continued) 

Habitats: 


D  =  Disturbed  Areas 

H  =  Herbaceous,  Barren 

J  =  Northern  Juniper  Woodland 

L  =  Lodgepoie  Pine  Forest 

M  =  Meadow 

O  =  Outcroppings,  Montane  Chaparral 


Scientific  Name 
Common  Name 

Sisymbrium  sp. 
Tumble  mustard 

CAMPANULACEAE 
Downingia  bicornuta 
Downingia 
Downingia  cf.  laeta 
Bach's  downingia 

CAPRIFOLIACEAE 
Sambucus  sp. 
Elderberry 
Symphoricarpos  mollis 
Creeping  snowberry 


D        H        J 

D 


PP  =  Ponderosa  Pine  Forest 

R  =  Red  Fir  Forest 

SL  -  Shrublands,  Modoc  Plateau 

U  =  Upper  Montane  Mixed  Conifer  Forest 

V  =  Vernal  Pools,  Intermittent  Lakes 

W  =  White  Fir  Forest  (Lower  Montane  Conifer  Forest) 

L  MOPPR         SLUVW 


V 


PP 


R 


U 

U 


CARYOPHYLLACEAE 

Silene  douglasii 
Douglas'  campion 


O 


CHENOPODIACEAE 

Chenopodium  sp. 
Goosefoot 
Salsola  tragus 
Russian  thistle 


D 
D 


SL 


CUPRESSACEAE 

Calocedrus  decurrens 

Incense  cedar 

Juniperus  occidentalis  var.  occidentalis 

Western  juniper 


PP 

PP 


W 


CYPERACEAE 

Carex  brainerdi 

Brainerd's  sedge 

Carex  halliana 

Hall's  sedge 

Carex  raynoldii 

Raynold's  sedge 

Carex  rossii 

Ross'  sedge 

Carex  sparsiflora 

Sparse-flowered  sedge 

Cyperus  squarrosus 

Sedge 

Eleochans  acicularis  var.  bella 

Spike-rush 

Scirpus  sp. 

Bulrush 


D 
D 


L 
L 
L 

L 


U 


R 

U 

R 

u 

V 
V 

DRYOPTERIDACEAE 

Woodsia  oregana 
Cliff  fern 


O 
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Table  C-3:  Plants  Observed,  by  Habitat,  in  the  Study  Area  (continued) 


Habitats: 

D 
H 


Disturbed  Areas 

Herbaceous,  Barren 
J       =      Northern  Juniper  Woodland 
L      =      Lodgepole  Pine  Forest 
M     =      Meadow 
O     =      Outcroppings,  Montane  Chaparral 

Scientific  Name  D         H        J 

Common  Name 

Cystopteris  fragilis 
Fragile  fern 

ERICACEAE 

Allotropa  virgata 
Sugar  stick 

Arctostaphylos  nevadensis 
Pinemat  manzanita 
Arctostaphylos  patula 
Greenleaf  manzanita 
Chimaphila  umbellata 
Prince's  pine 
Pityopus  cahfornicus 
California  pinedrops 
Pterospora  andromeaea 
Pinedrops 
Pyrola  picta 
White-veined  wintergreen 

EUPHORBIACEAE 

Chamaesyce  ocellata  ssp.  ocellata  D 

Spotted  spurge 

Chamaesyce  serpyllifolia  ssp.  serpyllif.  D 

Thyme-leafed  spurge 

FABACEAE 

Astragalus  purshii 

Milkvetch 

Lupinus  albicaulis 

White  lupine 

Lupinus  tepidus  var.  sellulus 

Dwarf  lupine 

Lupinus  argenteus  D 

Silver  lupine 

Lotus  purshianus  var.  purshianus  D 

Spanish  clover 

Trifohum  sp. 

Clover 


PP  =      Ponderosa  Pine  Forest 

R  =      Red  Fir  Forest 

SL  =      Shrublands,  Modoc  Plateau 

U  =      Upper  Montane  Mixed  Conifer  Forest 

V  =      Vernal  Pools,  Intermittent  Lakes 

W  =      White  Fir  Forest  (Lower  Montane  Conifer  Forest) 

L  MOPPR  SLUVW 

O 


o 
o 


R 

R 

R 
R 


U 

u 

u 
u 
u 


H 


SL 
SL 

SL 
SL 


U 
U 


M 


FAGACEAE 

Chrysolepis  sempervirens 
Mountain  chinquapin 


GENTIANACEAE 

Swertia  albicaulis  var.  albicaulis 
Swertia 


O 


u 


SL 


GERANIACEAE 
Erodium  cicutarium 
Redstem  filaree 


D 
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Table  C-3:  Plants  Observed,  by  Habitat,  in  the  Study  Area  (continued) 


Habitats: 

D  =  Disturbed  Areas 

H  =  Herbaceous,  Barren 

J  =  Northern  Juniper  Woodland 

L  =  Lodgepole  Pine  Forest 

M  =  Meadow 

O  =  Outcroppings,  Montane  Chaparral 


PP  =  Ponderosa  Pine  Forest 

R  =  Red  Fir  Forest 

SL  =  Shrublands,  Modoc  Plateau 

U  =  Upper  Montane  Mixed  Conifer  Forest 

V  =  Vernal  Pools,  Intermittent  Lakes 

W  =  White  Fir  Forest  (Lower  Montane  Conifer  Forest) 


Scientific  Name 
Common  Name 

GROSSULARIACEAE 

Ribes  cereum  var.  cereum 
Wax  currant 
Ribes  roezlii 
Sierra  gooseberry 


D        H 


M        O 


O 


PP       R 


R 


SL       U 

U 

u 


V 


w 


HYDROPHYLLACEAE 

Phacelia  hastata  var.  compacta 
Compact  phacelia 
Phacelia  hastata  var.  hastata 
Phacelia 


U 
U 


JUNCACEAE 

Juncus  capitatus 
Capitate  rush 
Juncus  parry i 
Parry's  rush 
Juncus  mexicanus 
Mexican  rush 


H 


M 

M 


O 


SL 
SL 


JUNCAGINACEAE 

Lilaea  scilloides 
Flowering-quillwort 


V 


LAMIACEAE 

Agastache  parviflora 
Small  leaf  giant  hyssop 
Monardella  odoratissima 
Pacific  monardella 
Marrubium  vulgare 
Horehound 
Trichostema  oblongum 
Bluecurls 


O 
O 
O 


U 


SL 


LILIACEAE 

Dichelostemma  sp. 

Blue  dicks 

Zigadenus  venenosus  var.venenosus 

Meadow  death  camas 


SL 


LINACEAE 

Linum  sp. 

Flax 

Hesperolinon  micranthum 

Dwarf  flax 


LYTHRACEAE 

Ly thrum  tribracteatum 
Loosestrife 


V 
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Table  C-3:  Plants  Observed,  by  Habitat,  in  the  Study  Area  (continued) 


Habitats: 

D  =  Disturbed  Areas 

H  =  Herbaceous,  Barren 

]  =  Northern  Juniper  Woodland 

L  =  Lodgepole  Pine  Forest 

M  =  Meadow 

O  =  Outcroppings,  Montane  Chaparral 

Scientific  Name  D 

Common  Name 

MALVACEAE 

Sidalcea  oregana  ssp.oregana 
Oregon  checkerbloom 
Sidalcea  sp. 
Checkerbloom 


ONAGRACEAE 

Camissoma  tanacetifolia  ssp.  tanacetif. 

Tansy-leaf  suncup 

Epilobium  augustifolium  ssp.  ctrcumvag. 

Fireweed 

Epilobium  foliosum  D 

Willowherb 

Epilobium  brachycarpum  D 

Willowherb 

Epilobium  pygmaeum 

Smooth  spike-primrose 

Gayophytum  diffusum  var.  parviflorum 

Gayophytum 

Gayophytum  humile 

Small  gayophytum 

PAEONIACEAE 

Paeonia  brozvnii 
Western  paeony 

PINACEAE 

Abies  concolor 

White  fir 

Abies  magnifica 

Red  fir 

Pinus  contorta  ssp.  murrayana 

Lodgepole  pine 

Pinus  jejfreyi 

Jeffrey  pine 

Pinus  lambertiana 

Sugar  pine 

Pinus  monticola 

Western  white  pine 

Pinus  ponderosa 

Ponderosa  pine 

Tsuga  mertensiana 

Mountain  hemlock 


H 


POACEAE 

Achnatherum  occidentalis  ssp. 
occidentals 
Western  needlegrass 
Agropyron  spicatum 
Crested  wheatgrass 
Alopecurus  gemculatus 
Water  foxtail 


D 


PP 

R 

SL 

U 
V 
W 


J  L 

J 


Ponderosa  Pine  Forest 

Red  Fir  Forest 

Shrublands,  Modoc  Plateau 

Upper  Montane  Mixed  Conifer  Forest 

Vernal  Pools,  Intermittent  Lakes 

White  Fir  Forest  (Lower  Montane  Conifer  Forest) 


M        O 


M 


O 


O 

o 
o 


o 


PP       R 


R 
R 


PP 


PP 


R 


O        PP 


SL       U 


SL 


SL 


U 


U 
U 


R 

U 

R 

U 

R 

u 

PP 

R 

u 

R 

u 

SL       U 


SL 


V 


w 


V 


w 


w 


w 


w 
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APPENDIX  C:  BIOLOGICAL  RESOURCES 


Table  C-3:  Plants  Observed,  by  Habitat,  in  the  Study  Area  (continued) 

Habitats: 


D  =  Disturbed  Areas 

H  =  Herbaceous,  Barren 

J  =  Northern  Juniper  Woodland 

L  =  Lodgepole  Pine  Forest 

M  =  Meadow 

O  =  Outcroppings,  Montane  Chaparral 


PP  =  Ponderosa  Pine  Forest 

R  =  Red  Fir  Forest 

SL  =  Shrublands,  Modoc  Plateau 

U  =  Upper  Montane  Mixed  Conifer  Forest 

V  =  Vernal  Pools,  Intermittent  Lakes 

W  =  White  Fir  Forest  (Lower  Montane  Conifer  Forest) 


Scientific  Name 
Common  Name 

Bromus  carinatus  var.  carinatus 

California  brome 

Bromus  tectorum 

Cheatgrass 

Deschampsia  sp. 

Hairgrass 

Distichlis  spicata 

Saltgrass 

Elymus  elymoides 

Squirreltail 

Elymus  triticoides 

Great  Basin  wild  rye 

Hordeum  jubatum 

Foxtail  barley 

Panicum  acuminatum  var.  acuminatum 

Panicgrass 

Poa  sp. 

Bluegrass 

Trisetum  spicatum 

Spike  trisetum 


D 


D 


D 


H 


M        O 


PP       R 


SL       U 


V 


W 


u 


M 


SL 


SL 


V 


O        PP       R 


SL       U 
SL 


W 


M 


M 


V 


O 


POLEMONIACEAE 

Eriastrum  sparsiflorum 

Woolly  star 

Leptodactylon  pungens 

Prickly  pnlox 

Linanthus  sp. 

Mustang  clover 

Navarretia  intertexta  var.  propinqua 

Navarretia 

Navarretia  leucocephala 

White-headed  navarretia 

Phlox  gracilis 

Annual  phlox 


SL 


O 


D? 


U 


V 


POLYGONACEAE 

Enogonum  nudum  var.  nudum  D 

Naked  buckwheat 

Eriogonum  nudum  var.oblongifolium 

Oblong-leaf  buckwheat 

Eriogonum  ovalifohum  var.purpureum 

Oval  buckwheat 

Eriogonum  umbellatum  var. poly anthum       D 

Sulfur  buckwheat 

Eriogonum  ursimum 

Bear  buckwheat 

Eriogonum  vimineum  D 

Wicker  buckwheat 

Polygonum  arenastrum  D 

Common  knotweed 

Rumex  sp. 

Curly  dock 


O        PP       R 


U 
U 


SL       U 


H 


U 


SL 

SL 
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Table  C-3:  Plants  Observed,  by  Habitat,  in  the  Study  Area  (continued) 


Habitats: 

D  =  Disturbed  Areas 

H  =  Herbaceous,  Barren 

J  =  Northern  Juniper  Woodland 

L  =  Lodgepole  Pine  Forest 

M  =  Meadow 

O  =  Outcroppings,  Montane  Chaparral 

Scientific  Name  D 

Common  Name 

PORTULACAEAE 

Calyptridium  umbellatum  D 

Pussy  paws 

PTERIDACEAE 

Cryptogramma  acroshchoid.es 
Parsley  fern 

RANANCULACEAE 

Ranunculus  aquatilus 
Buttercup 

Thahctrum  occidentale 
Western  meadow-rue 


RHAMNACEAE 

Ceanothus  cf.  integerrimus 

Deer  brush 

Ceanothus  prostratus 

Mahala  mat 

Ceanothus  velutinus  var.  velutinus 

Buckbrush 

ROSACEAE 

Amelanchier  utahensis 

Utah  serviceberry 

Cercocarpus  ledifonus  D 

Curl-leaf  mtn.  mahogany 

Chamaebatiaria  millefolium 

Fern  bush 

Fragaria  virginiana 

Mountain  strawberry 

Holodiscus  microphyllus  var.  glabrescens 

Oceanspray 

Potentilla  newberryi 

Newberry  cinquefoil 

Potentilla  glanaulosa 

Potentilla 

Prunus  emarginata 

Bitter  cherry 

Prunus  virginiana  var.  demissa 

Western  choke-cherry 

Purshia  tridentata  var.  tridentata 

Bitterbrush 

RUBIACEAE 

Kelloggia  galioides 
Kelloggia 

SALIACEAE 

Populus  tremuloides 
Quaking  aspen 


PP 

R 

SL 

U 

V 

W 


Ponderosa  Pine  Forest 

Red  Fir  Forest 

Shrublands,  Modoc  Plateau 

Upper  Montane  Mixed  Conifer  Forest 

Vernal  Pools,  Intermittent  Lakes 

White  Fir  Forest  (Lower  Montane  Conifer  Forest) 


H 


M 


O 


PP       R 


SL       U 


U 


W 


o 


o 
o 


u 


u 


o 

o 

o 
o 
o 


V 


PP 


SL 


o 


o 


C-20 


Fourmile  Hill  Geothermal  Development  Project 


I 
1 
I 
I 
1 
I 
I 
1 
I 
I 
I 
I 


APPENDIX  C:  BIOLOGICAL  RESOURCES 


Table  C-3:  Plants  Observed,  by  Habitat,  in  the  Study  Area  (continued) 


Habitats: 

D 
H 

J 
L 
M 
O 


Disturbed  Areas 

Herbaceous,  Barren 

Northern  Juniper  Woodland 

Lodgepole  Pine  Forest 

Meadow 

Outcroppings,  Montane  Chaparral 


PP  =  Ponderosa  Pine  Forest 

R  =  Red  Fir  Forest 

SL  =  Shrublands,  Modoc  Plateau 

U  =  Upper  Montane  Mixed  Conifer  Forest 

V  =  Vernal  Pools,  Intermittent  Lakes 

W  =  White  Fir  Forest  (Lower  Montane  Conifer  Forest) 


Scientific  Name 
Common  Name 

Salix  lasiolepis 
Arroyo  willow 


D        H 


M        O        PP       R 


SL       U 


V 


W 


SCROPHULARIACEAE 

Castilleja  linearifolia 

Narrow-leaf  paintbrush 

Castilleja  arachnoidea 

Woolly  paintbrush 

Gratiola  ebracteata 

Bractless  hedge  hyssop 

Limosella  sp. 

Mudwort 

Mimulus  breweri 

Brewer's  monkeyflower 

Mimulus  jepsonh 

Jepson's  monkeyflower 

Pedicular  is  semibarbata 

Bearded  lousewort 

Penstemon  deustus  var.  pedicellatus 

Hot  rock  penstemon 

Penstemon  davidsonii  var.  davidsonii 

Davidson's  penstemon 

Penstemon  gracilentus 

Graceful  penstemon 

Penstemon  laetus  var.sagittatus 

Penstemon 

Penstemon  procerus  var.formosus 

Penstemon 

Penstemon  procerus  var.  procerus 

Penstemon 

Penstemon  speciosus 

Royal  penstemon 

Verbascum  thapsus 

Woolly  mullein 

Veronica  sp. 

Speedwell. 


O 


SL       U 

u 


V 


V 


M 
M 


M 


O 
O 


O 
O 


R 


PP      R 


SL 


U 


U 


D 


SL 


M 


VIOLACEAE 

Viola  sp. 
Violet 


R 


U 


VISCACEAE 

Arceuthobium  americanum 
Lodgep.  pn.dwf.  mistletoe 


U 
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Appendix  D:  Visual  Resources 


INTRODUCTION 

This  appendix  provides  background  information  for  the  analysis  of  visual  resources  for 
the  proposed  Fourmile  Hill  Geothermal  Development  Project.  A  glossary  of  terms 
which  are  typically  used  in  the  Visual  Resources  Management  (VRM)  system  and  the 
Scenery  Management  System  (SMS)  is  provided.  A  detailed  listing  of  VQO  designation 
for  both  the  proposed  wellfield  and  power  plant  and  the  proposed  and  alternative 
transmission  line  routes,  are  provided  in  Tables  D-l  and  D-2.  Table  D-3  provides  a 
description  of  the  visible  elements  of  the  proposed  transmission  line  from  KOPs.  This 
table  should  be  used  in  conjunction  with  Table  4.9-1  (Section  4.9),  which  specifies  the 
visibility  of  all  project  features,  including  the  transmission  line,  from  KOPs.  The 
consistency  of  proposed  and  alternative  transmission  line  segments  with  VQO 
designations,  after  mitigation,  is  identified  in  Table  D-4.  Consistency  determinations  in 
this  table  are  based  on  a  on-the-ground  VQO  consistency  analysis.  The  agencies  and 
individuals  contacted  and  interviewed  during  the  preparation  of  the  visual  analysis  are 
identified  in  Table  D-5. 

GLOSSARY  OF  TERMS 

Cultural  Modification 

Any  modification  in  land,  water  form,  or  vegetation;  the  addition  of  a  structure  which 
creates  a  visual  contrast  to  the  natural  character  of  a  landscape.  A  negative  cultural 
modification  is  disharmonious  with  the  existing  scenery.  A  positive  cultural 
modification  can  actually  complement  and  improve  a  particular  scene  by  adding 
variety  and  harmony. 

Distance  Zones 

Areas  of  landscapes  denoted  by  specified  distances  from  the  observer  and  used  as  a 
frame  of  reference  to  discuss  landscape  characteristics  or  management  activities.  These 
include: 

Foreground:  The  limit  of  this  zone  is  based  on  the  distances  at  which  details  can  be 
perceived.  Normally  in  foreground  views,  the  individual  boughs  of  trees  form  texture. 
It  will  usually  be  limited  to  areas  within  1/4  to  1/2  mile  of  the  observer. 

Middleground:  This  distance  extends  from  the  foreground  zone  to  3  to  5  miles  from 
the  observer.  Texture  normally  is  characterized  by  the  masses  of  trees  in  stands  of 
uniform  tree  cover.  Individual  tree  forms  are  usually  only  discernible  in  very  open  or 
sparse  stands. 

Background:  This  zone  extends  from  middleground  to  infinity.  Texture  in  stands  of 
uniform  tree  cover  is  generally  very  weak  or  non-existent.  In  very  open  or  sparse  timber 
stands,  texture  is  seen  as  groups  or  patterns  of  trees. 
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Feathering 

Leaving  smaller  trees  and  other  vegetation  within  a  transmission  line  right-of-way 
under  conductors  and  gradually  increasing  in  height  of  retained  vegetation  nearer  the 
edge  of  the  right-of-way. 

Intactness 

See  "Scenic  Integrity"  below. 

Landscape  Character 

Describes  a  particular  landscape  in  terms  of  landform  patterns,  water  characteristics, 
vegetation  patterns,  and  cultural  elements  to  create  an  image  or  picture  for  the  reader. 
Landscape  character  is  an  overall  visual  and  cultural  impression  of  landscape  attributes, 
the  physical  appearance  and  cultural  context  of  a  landscape  that  gives  it  an  identity  and 
"sense  of  place."  Often,  a  landscape  character  description  also  will  include  existing 
landscape  attributes  which  \  ill  affect  senses  other  than  sight,  such  as  sound,  smell, 
taste,  and  touch. 

Scalloping 

Clearing  a  transmission  line  right-of-way  to  give  a  curved,  undulating  appearance 
(rather  than  a  straight  line  edge  condition).  Scalloping  is  typically  achieved  through 
marking  the  backline  based  on  the  tree  heights  in  relation  to  the  conductors'  position  at 
maximum  sag  and  at  maximum  swing. 

Scenic  Attractiveness 

Scenic  Attractiveness  classes  determine  the  relative  scenic  value  of  lands  within  a 
particular  Landscape  Character.  The  landscape  elements  of  landform,  vegetation,  rocks, 
cultural  features,  and  water  features  are  described  in  terms  of  their  line,  form,  color, 
texture,  and  composition. 

Scenic  Integrity 

Scenic  Integrity  indicates  the  degree  of  intactness  and  wholeness  of  the  Landscape 
Character  or  a  measure  of  the  degree  of  visible  disruption  of  the  Landscape  Character. 
A  landscape  with  very  minimal  visual  disruption  is  considered  to  have  high  Scenic 
Integrity.  Those  landscapes  having  increasingly  discordant  relationships  among  scenic 
attributes  are  viewed  as  having  diminished  Scenic  Integrity. 

Sensitivity  Level 

A  particular  degree  or  measure  of  viewer  interest  in  the  scenic  qualities  of  the 
landscape.  Three  sensitivity  levels  are  employed,  each  identifying  a  different  level  of 
user  concern  for  the  visual  environment,  as  identified  below. 

•  Level  1-Highest  Sensitivity  (includes  all  seen  areas  from  primary  travel 
routes  where  at  least  one-fourth  of  the  visitors  have  a  major  concern  for 
the  scenic  qualities) 
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•  Level  2-Average  Sensitivity  ((includes  all  seen  areas  from  primary  travel 
routes  where  fewer  than  one-fourth  of  the  visitors  have  a  major  concern 
for  the  scenic  qualities) 

•  Level  3-Lowest  Sensitivity 

VQO  Designations 

Preservation:  This  visual  quality  objective  allows  for  ecological  changes  only. 
Management  activities  except  for  very  low  visual  impact  recreation  facilities  are 
prohibited. 

Retention:  This  visual  quality  objective  provides  for  management  activities  which  are 
not  visually  evident.  Under  retention,  activities  may  only  repeat  the  form,  line,  color, 
and  texture  which  are  frequently  found  in  the  characteristic  landscape.  Changes  in  their 
qualities  of  size,  amount,  intensity,  direction,  pattern,  etc.,  should  not  be  evident. 

Partial  Retention:  This  visual  quality  objective  provides  for  management  activities 
which  remain  visually  subordinate  to  the  characteristic  landscape.  Activities  may  repeat 
form,  line,  color,  or  texture  common  to  the  characteristic  landscape,  but  changes  in  their 
qualities  of  size,  amount,  intensity,  direction,  pattern,  etc.,  remain  visually  subordinate 
to  the  characteristic  landscape.  Activities  may  also  introduce  form,  line,  color,  or  texture 
which  are  found  infrequently  or  not  at  all  in  the  characteristic  landscape,  but  they 
should  remain  visually  subordinate  to  the  visual  strength  of  the  characteristic 
landscape. 

Modification:  Under  this  visual  quality  objective  management  activities  may  visually 
dominate  the  original  characteristic  landscape.  However,  activities  of  vegetative  and 
landform  modification  must  borrow  from  the  naturally  established  form,  line,  color  and 
texture  so  complete  and  at  such  a  scale  that  its  visual  characteristics  are  those  of  natural 
occurrences  within  the  surrounding  area  or  character  type.  Additional  parts  of  these 
activities  such  as  structures,  roads,  slash,  root  wads,  etc.,  must  remain  visually 
subordinate  to  the  proposed  composition.  Activities  which  are  included  are 
predominantly  the  introduction  of  facilities  such  as  buildings,  roads,  signs,  should 
borrow  naturally  form,  line,  color,  and  texture  so  completely  and  at  such  a  scale  that  its 
visual  characteristics  are  compatible  with  the  natural  surroundings. 
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Table  D-l :  Visual  Quality  Objectives  for  Wellfield  and  Power  Plant  Area 


Proposed  Facility 

Power  Plant  &  Well  Pad  P-l 
Well  Pad  P-2 

Injection  Well  Pad  1-1 
Well  Pad  P-5 
Well  Pad  P-4 
Well  Pad  P-3 
Injection  Well  Pad  1-3 


VQO  Designation 

Retention 

Retention 
Modification 

Modification 


Comments 


Well  pad  appears  to  be  on  the  border 
of  two  VQO  designations 


Access  Road:  FR  49  to  Power  Plant 
Access  Road:  Power  Plant  to  Well  P-5 

All  other  Access  Roads 

Pipeline:  Power  Plant  to  Well  Pad  P-2 

Pipeline:  Power  Plant  to  Well  Pad  P-5 

All  other  Pipelines 


Retention 

Retention 
Modification 

Modification 

Retention 

Retention 
Modification 

Modification 


Appx.  1,250  feet  in  Retention 


Appx.  1,250  feet  in  Retention 


SOURCES:  Klamath  National  Forest  Land  and  Resource  Management  Plan,  Final  Environmental  Impact 
Statement,  Forest  Visual  Quality  Objectives  Map  (1994b);  Modoc  National  Forest  Land  and 
Resource  Management  Plan,  Visual  Quality  Objectives  Map  (1991a);  2M  Associates  1996. 
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Table  D-2: 

Visual  Quality  Objectives  for  Transmission  Line  Segments 

Station  Point 

Route 

From 

To 

VQO  Designation 

Segment 

Al 

0.0 

1.2 

Retention 

1.2 

3.8 

Partial  Retention 

3.8 

4.0 

Modification 

4.0 

4.2 

Partial  Retention 

4.2 

4.8 

Modification 

Al  /  A2 

4.8 

5.1 

Partial  Retention 

A2 

5.1 

5.4 

Modification 

5.4 

5.5 

Partial  Retention 

5.5 

5.9 

Modification 

5.9 

6.8 

Partial  Retention 

6.8 

7.9 

Modification 

A2/B1 

7.9 

9.0 

Partial  Retention 

Bl 

9.0 

10.0 

Modification 

10.0 

12.3 

Partial  Retention 

12.3 

13.8 

Modification 

13.8 

14.5 

Partial  Retention 

14.5 

15.3 

Modification 

CI 

15.3 

15.4 

Partial  Retention 

15.4 

16.9 

Modification 

16.9 

17.2 

Partial  Retention 

17.2 

18.6 

Modification 

18.6 

end  of 

23.4 
segment 

Partial  Retention 

A3 

0.0 

0.5 

Retention 

1.5 

2.3 

Modification 

2.3 

2.7 

Retention 

2.7 

3.7 

Partial  Retention 

3.7 

4.8 

Modification 

4.8 

5.2 

Partial  Retention 

5.2 

6.0 

Modification 

6.0 

end  of 

6.9 
segment 

Partial  Retention 
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Table  D-2:  Visual  Quality  Objectives  for  Transmission  Line  Segments  (Continued) 


Station  Point 

Route 

From 

To 

VQO  Designation 

Segment 

B2 

0.0 

0.2 

Modification 

0.2 

0.9 

Partial  Retention 

0.9 

2.7 

Modification 

2.7 

4.4 

Partial  Retention 

4.4 

5.1 

Modification 

5.1 

5.5 

Partial  Retention 

5.5 

7.0 

Modification 

7.0 

7.8 

Note:  Private  Property 

7.8 

8.2 

Retention 

8.2 

11.0 

Partial  Retention 

11.0 

11.6 

Modification 

11.6 

12.3 

Partial  Retention 

12.3 

12.7 
end  of  segment 

Modification 

C2 

0.0 

1.4 

Partial  Retention 

1.4 

2.2 

Modification 

2.2 

3.3 

Partial  Retention 

3.3 

4.2 

Modification 

4.2 

4.8 

Partial  Retention 

4.8 

4.9 

Partial  Retention 

4.9 

6.9 

Partial  Retention 

6.9 

8.9 
end  of  segment 

Partial  Retention 

SOURCES:  Klamath  National  Forest  Land  and  Resource  Management  Plan,  Final  Environmental  Impact 
Statement,  Forest  Visual  Quality  Objectives  Map  (1994b);  Modoc  National  Forest  Land  and 
Resource  Management  Plan,  Visual  Quality  Objectives  Map  (1991a);  2M  Associates  1996. 
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Table  D-3:  Visibility  of  Transmission  Line  Segments  From  KOPs 
KOF   Location Visibility 


Medicine  Lake 
Recreation  Area: 
Hogue 

Campground 
Shoreline 


Not  visible;  campground  views  oriented  to  south 


Medicine  Lake 
Recreation  Area: 
Boat  Launch 


Medicine  Lake 
Recreation  Area: 
Medicine  Lake 


Medicine  Lake 
Recreation  Area: 
Medicine  Lake 
Lava  Flow  Trail 


Medicine  Lake 
Recreation  Area: 
Private  recreation 
residence 


Transmission  line  clearing  from  milepost  0.8  to  2.2  parallel  with  view;  would 
likely  remain  evident 

Upper  portions  of  towers  and  conductors  seen  in  middleground  above  tree  line 
from  approximately  mileposts  0.6  to  3.1;  viewed  from  a  lower  elevation  against 
forest  and  lava  flow  backdrop 

Skyline  effect  of  line/ towers  at  crossing  of  caldera  rim  near  Grouse  Hill  evident 

Contrast  of  towers  and  conductors  would  compete  with  natural  contrast  qualities 
presented  by  lava  flow  seen  above  homogenous  forest  canopy 

VQO  objective  in  seen  route  area:  Retention  from  mileposts  0.6  to  1.2;  Partial 
Retention  from  mileposts  1.2  to  3.1 

Transmission  line  clearing  from  milepost  0.8  to  2.2  parallel  with  view;  would 
likely  remain  evident 

Upper  portions  of  towers  and  conductors  seen  in  middleground  above  treeline 
from  approximately  mileposts  0.6  to  3.3;  viewed  from  inferior  position  against 
forest  and  lava  flow  backdrop 

Skyline  effect  of  line/ towers  at  crossing  of  caldera  rim  near  Grouse  Hill  evident 

Contrast  of  towers  and  conductors  would  compete  with  natural  contrast  qualities 
presented  by  lava  flow  seen  above  homogenous  forest  canopy 

VQO  objective  in  seen  route  area:  Retention  from  mileposts  0.6  to  1.2;  Partial 
Retention  from  milepost  1.2  to  3.3 

Within  defined  Medicine  Lake  Recreation  Area 

Towers,  conductors,  forest  clearing  of  right-of-way,  and  access  road  seen  in 
foreground  at  crossing  with  trail  with  changes  evident  in  qualities  of  size, 
amount,  intensity,  direction,  pattern,  etc. 

Affects  approximately  25%  of  trail  length  between  Medicine  Lake  Road  and  the 
Medicine  Lake  Lava  Flow 

VQO  objective  in  seen  route  area:  Partial  Retention 

Upper  portions  of  towers  and  conductors  seen  in  middleground  above  treeline 
from  approximately  mileposts  0.6  to  3.3;  viewed  from  inferior  position  against 
forest  backdrop 

Skyline  effect  of  line/ towers  at  crossing  of  caldera  rim  near  Grouse  Hill  evident 

Contrast  of  towers  and  conductors  would  compete  with  natural  contrast  qualities 
presented  by  lava  flow  seen  above  homogenous  forest  canopy 

VQO  objective  in  seen  route  area:  Retention  from  mileposts  0.6  to  1.2;  Partial 
Retention  from  milepost  1.2  to  3.3 
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Table  D-3:  Visibility  of  Transmission  Line  Segments  From  KOPs  (continued) 


KOP   Location 


Visibility 


Little  Mount 
Hoffman  Lookout 


Primary  Forest 
Route  49:  east  of 
proposed  power 
plant  site 


Upper  portions  of  towers  and  conductors  seen  in  middleground  intermittently 
from  approximately  mileposts  0.3  to  0.8  and  mileposts  4.5  to  5.6;  viewed  from 
higher  elevation  against  forest  backdrop 

VQO  objective  in  seen  route  area:  Retention  and  Partial  Retention 

Not  visible 


11 


Primary  Forest 
Route  49: 
Medicine  Lake 
vista  point 


Primary  Forest 
Route  49:  crossing 
point  east  of 
Medicine  Lake 


Upper  portions  of  towers  and  conductors  seen  in  middleground  from 
approximately  mileposts  1.0  to  2.2;  viewed  from  superior  position  with  forest  and 
lake  backdrop 

Contrast  would  be  only  management  activity  evident  and  would  compete  with 
natural  contrast  qualities  presented  by  lava  flow,  lake  waters,  and  homogenous 
forest  canopy. 

VQO  objective  in  seen  route  area:  Partial  Retention 

Towers,  conductors,  forest  clearing,  and  access  road  seen  in  foreground  at 
crossing  with  road 

Affects  views  from  approximately  1  /4  mile  in  either  direction 

VQO  objective  in  seen  route  area:  Partial  Retention 


10        Primary  Forest 
Route  77  (44N50) 


Arnica  Sink 


Towers,  conductors,  forest  clearing,  and  access  road  seen  in  foreground  at 
crossing  with  road 

Affects  views  from  approximately  1/8  to  1/4  mile  in  either  direction 

VQO  objective  in  seen  route  area:  Retention 

Upper  portions  of  towers  and  conductors  seen  in  middleground  from 
approximately  mileposts  3.5  to  4.1;  viewed  against  forest  backdrop 

VQO  objective  in  seen  route  area:  Partial  Retention/  Modification 

Forest  Road  43N99    Upper  portions  of  towers  and  conductors  seen  in  middleground  from 

approximately  mileposts  5.0  to  6.2;  viewed  from  superior  position  against  forest 
backdrop 

VQO  objective  in  seen  route  area:  Partial  Retention  /Modification 


Forest  Road  43N99 
/  Lyons  Peak 
Loop  Road 


13        Primary  Forest 
Route  97 


Transmission  line  right-of-way  seen  in  middleground  and  background  coming 
down  from  Highlands  area  from  approximately  mileposts  9.5  to  14.5. 


14       Tionesta 


15        Timber  Mountain 
Fire  Lookout 


Towers  and  conductors  intermittently  seen  in  foreground /middleground  from 
approximately  mileposts  19.7  to  20.7;  viewed  through  sparse  pines  against  land 
and  sky  backdrop 

VQO  objective  in  seen  route  area:  Partial  Retention 

Transmission  line  right-of-way  seen  in  middleground  and  background  coming 
down  from  Highlands  area  from  approximately  mileposts  9.5  to  14.5. 

VQO  objective  in  seen  route  area:  Partial  Retention/  Modification 
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Table  D-3:  Visibility  of  Transmission  Line  Segments  From  KOPs  (continued) 


KOF 

Location 

Visibility 

16 

State  Highway 
139:  proposed 
transmission  line 
route  crossing 
(Segment  Cl) 

Towers,  conductors,  forest  clearing,  and  access  road  seen  in  foreground  at 
crossing  with  road 

VQO  objective  in  seen  route  area:  Partial  Retention 

17 

State  Highway 
139:  alternative 
transmission  line 
route  crossing 
(Segment  C2) 

Not  evident 

18 

Lava  Beds 
National 
Monument: 
Gillem  Camp 

Not  readily  evident 

19 

Lava  Beds 
National 
Monument  Road 
Vista  Point 

Not  readily  evident 

20 

Lava  Beds 
National 
Monument: 
Schonchin  Butte 
Lookout 

Not  readily  evident 

21 

Lava  Beds 
National 

Monument:  Cave 
Loop  Road 

Not  readily  evident 

SOURCE:  2M  Associates  1996 
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Table  D-4: 

Mitigation 


Consistency  of  Transmission  Line  Segments  with  VQO  designations,  After 


Station  Point 

Route 
Segment 

From 

To 

VQO  Designation 

VQO  Consistency  After 
Mitigation 

Al 

0.0 

1.2 

Retention 

Consistent 

1.2 

3.8 

Partial  Retention 

Consistent 

3.8 

4.0 

Modification 

Consistent 

4.0 

4.2 

Partial  Retention 

Consistent 

4.2 

4.8 

Modification 

Consistent 

Al  /  A2 

4.8 

5.1 

Partial  Retention 

Consistent 

A2 

5.1 

5.4 

Modification 

Consistent 

5.4 

5.5 

Partial  Retention 

Consistent 

5.5 

5.9 

Modification 

Consistent 

5.9 

6.8 

Partial  Retention 

Consistent 

6.8 

7.9 

Modification 

Consistent 

A2/B1 

7.9 

9.0 

Partial  Retention 

Consistent 

Bl 

9.0 

10.0 

Modification 

Consistent 

10.0 

12.3 

Partial  Retention 

Consistent 

12.3 

13.8 

Modification 

Consistent 

13.8 

14.5 

Partial  Retention 

Consistent 

14.5 

15.3 

Modification 

Consistent 

CI 

15.3 

15.4 

Partial  Retention 

Consistent 

15.4 

16.9 

Modification 

Consistent 

16.9 

17.2 

Partial  Retention 

Consistent 

17.2 

18.6 

Modification 

Consistent 

18.6 

23.4 

Partial  Retention 

Consistent 
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Table  D-4:  Consistency  of  Transmission  Line  Segments  with  VQO  designations,  After 
Mitigation  (Continued) 


Station  Point 

Route 
Segment 

From 

To 

VQO  Designation 

VQO  Consistency  After 
Mitigation 

A3 

0.0 

0.5 

Retention 

Consistent 

1.5 

2.3 

Modification 

Consistent 

2.3 

2.7 

Retention 

Consistent 

2.7 

3.7 

Partial  Retention 

Consistent 

3.7 

4.8 

Modification 

Consistent 

4.8 

5.2 

Partial  Retention 

Consistent 

5.2 

6.0 

Modification 

Consistent 

6.0 

6.9 

Partial  Retention 

Consistent 

B2 

0.0 

0.2 

Modification 

Consistent 

0.2 

0.9 

Partial  Retention 

Consistent 

0.9 

2.7 

Modification 

Consistent 

2.7 

4.4 

Partial  Retention 

Consistent 

4.4 

5.1 

Modification 

Consistent 

5.1 

5.5 

Partial  Retention 

Consistent 

5.5 

7.0 

Modification 

Consistent 

7.0 

7.8 

Note:  Private  Property 

Consistent 

7.8 

8.2 

Retention 

Consistent 

8.2 

11.0 

Partial  Retention 

Consistent 

11.0 

11.6 

Modification 

Consistent 

11.6 

12.3 

Partial  Retention 

Consistent 

12.3 

12.7 

Modification 

Consistent 

C2 

0.0 

1.4 

Partial  Retention 

Consistent 

1.4 

2.2 

Modification 

Consistent 

2.2 

3.3 

Partial  Retention 

Consistent 

3.3 

4.2 

Modification 

Consistent 

4.2 

4.8 

Partial  Retention 

Consistent 

4.8 

4.9 

Partial  Retention 

Consistent 

4.9 

6.9 

Partial  Retention 

Consistent 

6.9 

8.9 

Partial  Retention 

Consistent 

SOURCE:  2M  Associates  1996 
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Table  D-5:  Agencies  and  Individuals  Consulted 

Date 

Agency    Interest 

Individual 

June  27, 1996 

Nationa  Park  Service,  Lava  Beds  National 
Monum  ent 

Craig  Dorman 

June  27, 1996 
July  1, 1996 

Modoc  NJational  Forest 
Klamat1 1  National  Forest 

Jenny  Bradley 
Jerry  Mosier 

July  3, 1996 

Modoc  sJational  Forest,  Doublehead 
Ranger  District 

Bernard  Weisgerber 
Mike  Kegg 

July  3, 1996 

Klama  i  National  Forest,  Goosenest 
Ranger  District 

Jim  Stout 

July  3, 1996 

Nation  il  Park  Service,  Lava  Beds  National 
Monument 

Craig  Dorman 
Chuck  Barat 
Chris  Roundtree 

July  4, 1996 

Modoc  National  Forest,  Doublehead 

Dave  Sinclear 

July  4, 1996 
August  2, 1996 

August  21, 1996 

September  20, 1996 
October  10, 1996 

October  14, 1996 
October  15, 1996 
October  18, 1996 

November  15, 1996 

November  15, 1996 
November  19, 1996 


Rang*  r  District 

Medi  ine  Lake  property  owner 

Statt   )f  California,  Department  of  Parks 
and  1  .ecreation,  Division  of  Off-Highway 
Motor  Vehicle  Recreation 

State  of  California,  Department  of  Parks 
and  F  .^creation,  Division  of  Off-Highway 
Mote  Vehicle  Recreation 

Calp  .ie  Corporation 

Moc  jc  National  Forest,  Doublehead 
Ran  :;er  District 

Cal:  ^ine  Corporation 

Siskiyou  County  Planning  Department 

National  Park  Service,  Lava  Beds  National 
Mcnument 

Klamath  National  Forest,  Goosenest 
Ranger  District 

Klamath  National  Forest 
Kl?math  National  Forest 


Mike  Kegg 
Nick  Lettunich 
Grant  Jensen 

Barry  Jones 

Ed  Merrihew 
Mike  Kegg 

Bob  Orloff 
Rick  Barnham 
Gary  Hathaway 

Jim  Stout 
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Appendix  E 

This  appendix  contains  additional  background  and  technical  meteorological  data  that 
support  the  analyses  contained  in  section  3.13.  Seasonal  windroses  for  the  power  plant 
site  are  provided  in  Figures  E-l  through  E-4.  Windroses  for  six-hour  periods  at  the 
power  plant  site  are  provided  in  Figures  E-5  through  E-8. 
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Figure  E-l       Wind  Frequency  Distribution  for  Fourmile  Hill  from  June  1995  through 
August  1995  -All  Hours 
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Figure  E-2       Wind  Frequency  Distribution  for  Fouxmile  Hill  -  November  1994, 
September  1995  through  November  1995  -  All  Hours 
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Figure  E-3        Wind  Frequency  Distribution  for  Fourmile  Hill  from  December  1994 
through  February  1995  -  All  Hours 
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Figure  E-4       Wind  Frequency  Distribution  for  Fourmile  Hill  from  March  1995 
through  May  1995  -  All  Hours 
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Figure  E-5      Wind  Frequency  Distribution  for  Fourmile  Hill  from  June  1995  through 
August  1995  -  Hours  00  -  05  PST 
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Figure  E-6       Wind  Frequency  Distribution  for  Fourmile  Hill  from  June  1995  through 


August  1995  -Hours  06- 11  PST 
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Figure  E-7       Wind  Frequency  Distribution  for  Fourmile  Hill  from  June  1995  through 


August  1995  -  Hours  12  - 17  PST 
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Figure  E-8         Wind  Frequency  Distribution  for  Fourmile  Hill  from  June  1995  through 


August  1995  -  Hours  18  -  23  PST 
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1.0 

Sources  of  Emissions 


Calpine  plans  to  develop  the  well  field  and  construct  the  power  plant  over  a  three-year  period.  The 
development  and  construction  schedule  has  been  designed  to  accommodate  several  constraints,  as 
well  as  to  provide  strategic  additional  data  about  the  geothermal  resource  as  early  in  the  schedule  as 
possible. 

Although  roadways  sufficient  for  Calpine's  needs  exist  that  would  allow  access  to  the  project  area 
from  other  directions,  the  U.S.  Forest  Service  will  require  that  Calpine  access  the  project  area  from 
the  north.  Calpine  will  need  to  construct  several  portions  of  onsite  roadway  and  improve  several 
sections  of  existing  onsite  roads  during  the  first  year  of  well  field  development  in  order  to  approach 
the  power  plant  site  and  most  of  the  well  pad  sites.  Figure  1  illustrates  the  proposed  new  and 
improved  roadway  sections  on  site.  The  segments  have  been  assigned  identifiers  for  the  purpose  of 
the  air  quality  impact  analysis;  these  are  indicated  in  Figure  1,  as  well. 

In  order  to  protect  the  identified  Goshawk  habitat  in  the  project  area,  the  U.S.  Forest  Service  will 
also  require  that  Calpine  cannot  perform  any  construction  activities  at  any  time  within  V*  mile  of 
the  Goshawk  nest  found  in  the  northwest  quarter  of  Section  28,  and  cannot  perform  construction 
activities  within  Vz  mile  of  the  nest  during  the  months  of  January  through  August.  Calpine  has 
planned  the  construction  activities  for  each  year  around  these  requirements. 

The  climate  of  the  project  area  places  additional  constraints  on  the  construction  schedule.  The 
project  area  often  has  snow  on  the  ground  as  late  in  the  year  as  June.   For  this  reason,  Calpine  has 
planned  outdoor  construction  activities  to  begin  in  May  of  each  year,  realizing  that  it  may  be 
necessary  to  move  some  snow  away  from  the  work  areas  when  construction  begins  each  year. 
Outdoor  construction  activities  will  end  by  October  15  of  each  year.  Indoor  construction  activities 
{e.g.,  at  the  power  plant  after  the  building  structures  have  been  erected)  may  continue  year-round, 
and  drilling  activities  may  continue  as  late  as  the  end  of  each  calendar  year. 

Following  is  a  description  of  the  activities  as  currendy  planned  by  Calpine  for  each  year  of  well  field 
development  and  power  plant  construction.  The  scheduling  of  these  activities  may  change  as  the 
design  of  the  facility  is  finalized  and  additional  constraints  come  to  light. 

1.1  Construction  Activities 

First  Year  of  Development  and  Construction 

Calpine  plans  to  construct  all  of  the  onsite  roadways  and  well  pads  in  the  first  year.  Work  would 
begin  in  May,  with  snow  removal  (if  necessary)  and  access  road  construction.  As  soon  as  possible, 
Pad  P-l  would  be  constructed.  Following  construction  of  Pad  P-l,  drilling  of  the  first  on  that  pad 
would  commence.  Calpine  would  use  just  one  drill  rig  during  the  first  year. 
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Figure  1.  Fourmile  Hill  Geothermal  Project 
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During  the  months  of  June,  July  and  August,  Calpine  would  construct  new  roadway  segments  Nl, 
N3,  and  N6  (as  indicated  in  Figure  1),  and  would  improve  segments  II  and  12.  The  total 
construction  width  would  be  about  40  feet  along  roadway  segments  that  would  eventually  be 
paralleled  by  pipeline(s).  Segments  without  pipelines  alongside  would  average  about  30  feet 
construction  width.  The  traveled  portion  of  the  completed  roadways  would  be  about  20  feet. 
Calpine  plans  to  surface  the  roads  with  macadam  pavement.1 

Also  during  the  months  of  June,  July  and  August,  Calpine  would  drill  and  complete  the  first  on  Pad 
P-l.  The  first  well  would  not  be  flow  tested  until  a  second  well  was  completed,  because  the  second 
well  will  be  needed  for  reinjection  of  the  produced  brine.  The  locations  of  well  pads  P-2,  1-1  and  P- 
3  are  all  more  than  Vz  mile  from  the  Goshawk  nest,  and  these  pads  (as  well  as  Pad  P-l)  would  be 
constructed  prior  to  August  31  of  the  first  year.  If  all  goes  well,  Calpine  would  begin  drilling  a 
second  well  on  Pad  P-2  or  Pad  P-3  in  July  or  August  of  the  first  year. 

During  the  period  September  1  through  October  15,  Calpine  would  construct  new  roadway 
segments  N2,  N4  and  N5,  and  improve  segments  13  and  14.  Well  pads  P-5,  P-4, 1-3  and  1-2  would 
be  completed  during  this  period.  Dnlling  of  the  second  well  (at  Pad  P-2  or  Pad  P-3)  would 
continue  and  may  be  completed. 

After  the  second  well  is  completed,  perhaps  as  early  as  October  1,  flow  testing  of  one  of  the  two 
wells  would  begin.  The  produced  steam  would  be  vented  through  a  portable  silencer,  and  the 
produced  brine  would  be  drained  to  the  sump  and  then  injected  into  the  other  well.  After  flow 
testing  the  first  well,  the  silencer  would  be  moved  to  the  other  well,  and  it  would  be  flow  tested. 
Each  well  may  be  flow-tested  for  as  long  as  six  weeks,  although  the  actual  period  will  probably  be 
shorter.  (Calpine  expects  that  the  average  flow  test  duration  would  be  about  two  weeks.)  Work  at 
the  project  site  would  end  for  the  first  year  after  the  second  well  is  flow-tested. 

Second  Year  of  Development  and  Construction 

During  the  second  year,  Calpine  plans  to  begin  construction  of  the  power  plant,  and  to  construct  as 
many  as  four  wells.  As  in  the  first  year,  only  one  drill  rig  would  be  used.  During  the  period  May  to 
August,  the  power  plant  site  would  be  constructed,  two  wells  would  be  drilled,  and  a  third  well  may 
be  started.  The  first  well  would  be  drilled  on  the  same  pad  as  the  second  well  of  the  year  before. 
The  second  well  would  be  drilled  on  Pad  P-2  or  Pad  P-3  (whichever  wasn't  drilled  the  prior  year). 
If  a  third  well  was  started  before  August  31,  it  would  be  on  the  same  pad  as  the  second  well.  The 
new  wells  would  be  flow  tested  after  each  was  completed.  Combinations  of  two  wells  may  be 
tested  together  to  assess  the  response  of  the  geothermal  resource. 

After  September  1,  the  third  and  fourth  wells  would  be  completed.   If  the  third  well  was  started 
prior  to  August  31,  it  would  be  on  Pad  P-2  or  Pad  P-3.  If  it  was  started  on  September  1  or  later,  it 
would  be  most  likely  on  Pad  P-5.  The  fourth  well  would  also  be  on  pad  P-5.  The  new  wells  would 
be  completed  and  flow-tested  by  the  year-end.  By  October  15,  the  earth  work  for  the  power  plant 
site  would  be  completed.  Some  of  the  buildings  would  be  completed  before  year-end,  and 
construction  work  inside  the  building  may  continue  through  the  winter.  The  diesel  generator  that 


Macadam  pavement  refers  to  an  asphalt-like  surface  that  is  created  by  the  application  of  thick  oil  to  a  dirt  surface, 
sometimes  with  gravel,  and  subsequent  compaction  by  vehicles  traveling  over  it  The  resulting  surface  is  more  durable  than 
dirt  or  gravel  surface  alone. 
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would  later  serve  as  the  plant's  backup  generator  may  be  installed  at  the  plant  site  by  the  end  of  the 
year  and  used  to  produce  power  for  use  during  the  remainder  of  the  plant  construction. 

Third  Year  of  Development  and  Construction 

Construction  of  the  well  field  equipment  (wells  and  pipelines)  and  the  power  plant  would  be 
completed  during  the  third  year.  Indoor  work  at  the  power  plant  may  continue  through  the  winter 
from  the  prior  year.  Well  drilling  would  begin  in  May  (or  as  soon  thereafter  as  possible),  using  two 
or  three  drill  rigs.  As  many  as  6  new  wells  would  be  drilled  at  Pads  P-l,  P-2, 1-3  and  P-3  prior  to 
September  1.  Each  new  well  would  be  flow  tested  after  it  was  completed.  Outside  work  at  the 
power  plant  would  begin  in  May,  and  continue  until  the  plant  is  completed. 

After  September  1,  drill  rigs  would  be  moved  to  three  of  Pads  P-5,  P-4, 1-3  and  1-2.  Well  drilling, 
construction  and  flow-testing  would  continue  until  year-end. 

Pipelines  would  be  constructed  between  May  and  mid-October,  beginning  with  work  outside  of  the 
Vz  mile  radius  of  the  Goshawk  nest.  After  September  1,  work  within  the  Vz  mile  radius  will  be 
completed. 

Fourth  Year  (Plant  Startup  and  Operation) 

The  power  plant  would  begin  operation  as  soon  as  possible.  Although  it  is  anticipated  that  enough 
production  wells  would  be  on  line  to  operate  the  plant  at  capacity  at  the  time  of  startup,  the 
production  rate  of  geothermal  well  fields  often  declines  rapidly  at  first.  Therefore,  a  new  (infill)  well 
may  be  drilled  during  the  first  year  as  the  plant  is  operating,  and  others  may  be  drilled  in  subsequent 
years. 

1.2  Sources  of  Emissions  During  Development  and  Construction 

There  will  be  a  number  of  sources  of  emissions  to  the  atmosphere  during  the  construction  of  the 
power  plant  and  development  of  the  well  field.  This  section  describes  these  sources. 

Fugitive  Dust 

Fugitive  dust  emissions  will  be  created  by  the  following  activities: 

•  road  construction 

•  the  earth  work  required  for  well  pad  and  power  plant  site  construction 

•  worker  vehicle,  haul  vehicle,  and  equipment  travel 

These  activities  release  fugitive  dust  emissions  due  to  the  mechanical  disturbance  of  soil  (scraping, 
loading,  dumping,  grading,  etc.),  and  by  entraining  loose  surface  dust  into  the  atmosphere  by  the 
turbulence  associated  with  the  movement  of  equipment  and  vehicles. 

Although  wind  erosion  of  bare  soil  can  result  in  significant  fugitive  dust  emissions  in  some 
circumstances,  this  is  not  expected  to  be  the  case  at  the  proposed  project,  for  several  reasons.  The 
wind  speeds  are  generally  quite  low  at  the  project  site.  The  forest  canopy  is  high,  providing  a  very 
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effective  wind  screen.  Also,  the  ground  surface  is  wet  or  covered  with  snow  for  as  long  as  seven 
months  of  the  year,  effectively  eliminating  any  potential  wind  erosion  during  those  periods. 

Fugitive  dust  emissions  would  be  controlled  by  application  of  water  during  construction  activities. 
A  well-managed  watering  program  can  reduce  fugitive  dust  emissions  by  more  than  50%. 

Drill  Rig  Emissions 

Well  drilling  activities  can  produce  emissions  in  several  ways,  not  all  of  which  are  expected  to  occur 
at  the  Fourmile  Hill  project  site.  First,  drill  rigs  are  powered  by  large  stationary  diesel  generators. 
The  generators  exhaust  contains  particulate  matter  in  the  form  of  soot,  as  well  as  oxides  of 
nitrogen,  oxides  of  sulfur,  carbon  monoxide,  and  various  organic  gases.  In  the  case  of  air  drilling, 
additional  diesel  engines  are  used  to  power  the  air  compressors.  Also  in  the  case  of  air  drilling,  the 
return  air  from  the  drill  hole  (exiting  the  blooie  line)  may  contain  significant  quantities  of  particulate 
matter  (from  the  cuttings),  as  well  as  gases  and  particulate  matter  from  the  resource  itself  (once  the 
hole  has  advanced  to  the  depth  of  the  resource). 

Calpine  intends  to  use  mud  drilling  exclusively  at  the  Fourmile  Hill  project.  This  would  eliminate 
the  potential  emissions  discussed  above  from  the  air  compressor  engines  and  contaminants  in  the 
return  air  from  the  drill  hole.  Thus,  only  the  diesel  generator  engines  are  expected  to  produce 
significant  emissions  during  drilling. 

Flow  Testing  Wells 

Wells  would  be  flow  tested  by  allowing  them  to  vent  while  monitonng  the  steam  flow.  Prior  to 
plant  startup,  Calpine  would  perform  each  flow  test  by  attaching  the  well  to  a  flash  tank  followed  by 
a  portable  silencer.  The  liquid  phase  (brine)  collected  from  the  flash  tank  and  silencer  would  be 
directed  to  a  sump.  The  gas  phase  from  the  flash  tank  would  be  directed  to  the  portable  silencer. 
Water  would  be  injected  into  the  line  between  the  flash  tank  and  silencer,  in  order  to  scrub  out 
particulate  matter.  In  the  portable  silencer,  the  injected  liquid  and  some  condensed  steam  would  be 
once  again  separated  from  the  gas  phase.  The  gas  phase  (steam  and  noncondensible  gases)  would 
exit  out  the  top,  while  the  hot  brine  (containing  dissolved  and  suspended  solids  present  in  the 
resource)  would  be  directed  to  a  sump.  Brine  collected  in  the  sump  would  be  pumped  to  another 
well  for  reinjection.  Because  silencers  are  not  100%  efficient  in  separating  the  gas  and  liquid  phases, 
some  of  the  liquids  (and  attendant  aqueous  and  solid  phase  substances)  would  exit  from  the  top  of 
the  silencer  as  droplets,  along  with  the  vapor  phase  exhaust.2  Thus,  flow  testing  would  be  a  source 
of  organic  and  inorganic  noncondensible  gases  {e.g.,  hydrogen  sulfide  and  ammonia),  as  well 
aqueous  and  solid  phase  substances  contained  in  carryover  droplets. 

Because  the  concentrations  of  hydrogen  sulfide  in  the  geothermal  fluids  are  expected  to  be  quite 
low,  it  is  expected  that  abatement  of  hydrogen  sulfide  emissions  from  the  wellhead  during  flow 
testing  will  not  be  necessary.  If  higher-than-expected  hydrogen  sulfide  concentrations  are 
encountered,  wellhead  abatement  may  be  needed,  which  could  be  accomplished  by  caustic  injection 
between  the  flash  tank  and  the  portable  silencer. 


"These  droplets  should  not  be  confused  with  the  recondensate  droplets  that  form  in  the  steam  plume. 
Recondensate  is  essentially  pure  water,  and  contains  none  of  the  contaminants  found  in  the  carryover  droplets.  The  vast 
majority  of  the  droplets  seen  in  a  steam  plume  are  recondensate  droplets. 
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1.3  Sources  of  Emissions  During  Normal  Plant  Operation 

A  simplified  flow  diagram  for  the  proposed  project  is  presented  in  Section  2  of  the  DEIS/DEIR. 
As  described  in  Section  2,  the  project  would  include  a  well  field  ultimately  comprising 
approximately  nine  to  eleven  production  wells,  approximately  production  wells,  three  or  more 
injection  wells,  and  a  dual-flash  power  plant  with  two  dual-pressure  steam  turbines,  a  direct-contact 
condenser,  a  large  counterflow,  mechanically-induced  draft  cooling  tower,  and  hydrogen  sulfide 
abatement  equipment.  There  would  be  a  standby  diesel  generator  of  about  0.5  MW  capacity,  which 
would  be  used  to  provide  power  for  safe  shutdown  and  standby  of  the  plant  and  well  field  in  the 
case  of  dual  turbine  outage,  but  would  not  be  used  (except  for  testing)  under  normal  circumstances. 

There  would  be  several  sources  of  emissions  to  the  atmosphere  during  normal  operations. 

Plant  Vent  Silencer 

The  plant  would  be  equipped  with  several  (probably  three  or  four)  vent  silencers.  Silencers  are 
large  cylindrical  vessels  that  allow  steam  to  expand  and  decelerate  before  being  released  to  the 
atmosphere.  Noise  is  reduced  by  decelerating  the  flow,  and  is  directed  upward  by  the  shape  of  the 
silencers.  Under  normal  operations,  the  silencers  would  receive  the  low  pressure  liquids  from  the 
second  flash,  where  they  would  flash  once  again.  As  described  above  for  the  portable  silencers,  the 
plant  silencers  would  remove  most  of  the  remaining  liquids  from  the  flow,  but  would  allow  a  small 
fraction  of  them  (one  percent  or  less)  to  be  carried  over  as  droplets  in  the  exhaust  stream. 

Cooling  Tower 

The  cooling  tower  would  receive  condensed  steam  and  cooling  water  from  the  direct-contact 
condenser.  Within  the  cooling  tower,  the  warm  water  from  the  condenser  would  be  sprayed  over 
the  towery?//.  The  fill  of  a  cooling  tower  is  a  collection  of  baffle  devices  that  are  intended  to  break 
up  the  spray  and  increase  the  air/water  contact  area.  Within  a  cooling  tower,  water  falls  through 
and  over  the  fill,  eventually  ending  up  in  the  cold  water  basin  at  the  bottom  of  the  tower.  Water 
would  be  pumped  from  the  cold  water  basin  back  to  the  condenser,  where  it  would  cool  the  steam 
coming  from  the  turbine.  The  process  of  spraying  water  in  a  cooling  tower  and  the  splashing  and 
splattering  that  goes  on  in  the  fill  creates  droplets.  Some  of  these  droplets  would  be  carried  up 
through  the  tower  by  the  draft  created  by  the  fans.  At  the  top  all  modern  cooling  towers,  just 
below  the  fans,  are  drift  eliminators,  devices  that  serve  to  remove  most  of  these  droplets  from  the 
exhaust  stream  and  return  them  to  the  circulating  water  in  the  tower.  High-efficiency  drift 
eliminators  can  typically  reduce  drift  exiting  from  a  cooling  tower  to  less  than  0.008%  of  the  water 
circulation  rate.3    The  remaining  drift  which  escapes  the  drift  eliminators  would  contain  some  of 
the  dissolved  and  suspended  solids  carried  over  from  the  primary  and  secondary  flash  tanks, 
through  the  turbines,  and  into  the  water  of  the  condenser. 


California  Air  Resources  Board,  1989.   Technical  Support  Document  to  the  Proposed  Hexavalent  Control  Measure  for  Cooling 
Towers.  Stationary  Source  Division. 
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Hydrogen  Sulfide  Abatement 

Noncondensible  gases  present  in  the  turbine  exhaust  would  be  directed  to  a  hydrogen  sulfide 
abatement  system  and  then  to  the  cooling  tower,  so  that  they  would  exit  along  with  the  cooling 
tower  exhaust.  This  is  referred  to  as  a  primary  abatement  system.  The  primary  hydrogen  sulfide 
abatement  system  would  remove  95%  or  more  of  the  hydrogen  sulfide  present  in  the 
noncondensible  gas  stream.  Most  likely,  the  hydrogen  sulfide  abatement  system  would  employ  the 
Stretford  process  or  the  LoCat  process.  Both  of  these  are  systems  chemically  remove  hydrogen 
sulfide  gas  by  converting  sulfide  to  elemental  sulfur. 

Hydrogen  sulfide  present  in  the  cooling  water  would  be  removed  by  a  6water  treatment  system 
(most  likely  an  iron  chelate  system).  The  system  would  remove  75%  or  more  of  the  hydrogen 
sulfide  in  the  cooling  water.  This  system  would  be  what  is  known  as  a  secondary  abatement  system 

Mercury  Abatement 

If  necessary,  a  mercury  removal  system  would  be  installed  upstream  of  the  primary  hydrogen  sulfide 
abatement  system.  This  system  would  remove  mercury  present  in  the  noncondensible  gas  stream. 
Such  a  system  would  be  installed  if  needed  to  prevent  the  sulfur  cake  produced  by  the  primary 
hydrogen  sulfide  abatement  system  from  being  classified  as  a  hazardous  waste  due  to  mercury 
content,  or  if  needed  to  ensure  that  mercury  emissions  do  not  exceed  the  levels  presented  in  Tables 
1  and  3  of  this  appendix. 

Fugitive  Emissions  from  Pipe  Connectors  and  Valves 

Calpine  intends  to  minimize  the  number  of  connectors  used  in  the  pipelines  carrying  the  produced 
geothermal  fluids  by  welding  pipe  sections  wherever  possible.  Although  all  pipe  fittings  and  valves 
would  be  designed  and  maintained  to  minimize  leakage,  trace  amounts  of  noncondensible  gases  and 
steam  could  escape  from  pipe  fittings  and  valves.  Due  to  the  expected  very  low  concentrations  of 
these  gases  in  the  fluids  and  small  number  of  fittings,  it  is  expected  that  fugitive  emissions  from 
these  sources  would  be  negligible. 

Drilling  of  Infill  Wells 

As  discussed  above,  it  would  be  necessary  to  drill  infill  wells  in  order  to  maintain  the  steam  flow  to 
the  power  plant.  The  emissions  sources  associated  with  drilling  these  wells  would  be  the  same  as 
those  discussed  above  for  drilling  during  the  initial  development  of  the  wellfield. 

Venting  Wells  through  Portable  Silencers 

Occasionally,  during  normal  operations,  it  would  be  necessary  to  vent  wells  through  portable 
silencers.  This  normally  would  occur  only  when  some  portion  of  the  pipeline  to  the  power  plant  is 
unavailable  for  some  reason  (e.g.,  repair  or  maintenance).  In  such  cases,  the  geothermal  fluids 
would  be  directed  to  a  flash  tank  and  portable  silencer  combination,  with  water  injection  for 
particulate  matter  control  (as  would  occur  during  flow  testing  of  wells).  Emissions  during  these 
situations  would  be  the  same  as  during  flow  testing  of  production  wells  prior  to  power  plant 
startup. 
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1.4  Emissions  During  Plant  Upsets 

If  the  electrical  transmission  line  became  unavailable,  Calpine  would  have  to  immediately  reduce  the 
output  from  the  turbines.  If  possible,  one  or  both  of  the  turbines  would  be  kept  in  operation, 
generating  plant  power.  If  this  is  possible,  the  plant  would  have  enough  power  available  to  restart 
itself  when  the  transmission  line  again  became  available.  However,  if  the  turbines  can't  be  kept  in 
operation,  the  backup  generator  would  be  used  to  produce  plant  power  sufficient  to  safely  maintain 
the  plant  in  a  standby  mode.  Once  the  transmission  line  is  back  in  service,  power  sufficient  to 
restart  the  plant  would  be  backfed  into  the  plant  from  the  transmission  line. 


If  there  is  a  unit  load  reduction  a  unit  trip  for  a  plant  process  cause  (as  opposed  to  a  transmission 
cause),  there  are  several  possible  scenarios.  Each  unit  would  have  a  100%  capacity  turbine  bypass 
system,  comprising  a  pressure-controlled  valve  and  piping  that  runs  from  a  point  upstream  of  the 
turbine  stop  valve  to  the  condenser.    If  a  unit  trips  (turbine  stop  valve  closes)  or  experiences  a  load 
run  back  (turbine  control  valve  throttles),  the  pressure  in  the  steam  line  would  increase.  If 
circulatory  water  flow  to,  and  gas  removal  from,  the  condenser  are  maintained  (as  they  may  be 
during  a  trip  and  would  be  during  a  run-back),  the  turbine  bypass(es)  would  be  available  to  relieve 
all  (in  the  case  of  a  trip)  or  some  (in  the  case  of  a  run-back)  of  the  steam  flow  directly  into  the 
condenser.  If  this  is  the  case,  non-condensible  gas  treatment  could  be  maintained.  During  the 
transition  to  turbine  bypass  mode,  pressure  relief  valves  at  the  vent  silencers  may  relieve  some 
steam  flow  to  the  silencers,  then  they  will  close. 

If  the  condenser  and  turbine  bypass  are  unavailable  after  a  turbine  trip,  all  of  the  steam  flow  to  the 
affected  unit  will  have  to  be  relieved  through  the  plant  silencer.  Depending  on  the  length  of  the 
outage,  the  flow  from  the  wells  may  be  fully  vented  or  it  may  be  gradually  reduced  using  the  well 
flow  control  valves.  In  this  situation,  hydrogen  sulfide  emissions  would  be  abated  by  a  secondary 
abatement  system  that  would  inject  hydrogen  peroxide  or  a  caustic  solution  into  the  produced 
steam  upstream  of  the  plant  silencer,  where  the  steam  would  be  released.  The  backup  abatement 
system  would  provide  about  80%  hydrogen  sulfide  control  efficiency.  The  total  hydrogen  sulfide 
emission  rate  during  plant  upsets  would  be  comparable  to  emissions  during  normal  operations. 

In  most  cases,  the  turbine  bypass  system  would  be  operational  and  would  direct  steam  flow  to  the 
condenser  when  a  turbine  is  down,  which  would  provide  for  non-condensible  gas  treatment. 
Additionally,  depending  on  the  length  of  the  outage,  the  flow  from  the  wells  may  be  fully  ventetd  or 
it  may  be  gradually  reduced  using  the  well  flow  control  valves.  Calpine  has  indicated  that  they 
would  reduce  flow  to  about  two-thirds  by  throttling  back  the  wells  for  upsets  lasting  longer  than  24 
hours.  However,  only  upset  scenarios  including  venting  of  the  full  steam  flow  through  the  plant 
silencers  were  used  in  the  analyses  of  maximum  potential  air  quality  impacts.  Upsets  that  resulted  in 
shutdown  of  only  one  turbine,  or  in  which  Calpine  reduced  flow  from  the  wellfield,  would  have 
lesser  emissions  than  the  full-flow  case  described  above. 

Based  on  operating  experience  at  similar  facilities,  Calpine  estimates  that  an  average  of  three  or  four 
short-duration  plant  upsets,  averaging  about  six  hours  duration,  will  occur  in  a  typical  year. 
Approximately  once  every  two  years,  Calpine  expects  that  a  planned  plant  shutdown  (or  outage) 
will  occur,  typically  lasting  two  or  three  days.  Calpine  anticipates  that  an  unplanned,  long-term 
upset  (lasting  10  to  15  days)  may  occur  every  three  to  ten  years.  The  expected  average  number  of 
hours  per  year  for  each  of  these  upset  conditions  were  used  to  estimate  the  contribution  of  upset 
emissions  to  annual  average  emissions. 
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2.0 
Analysis  of  Impacts 


The  potential  impacts  of  the  proposed  project,  including  the  development  of  the  well  field  and 
construction  of  the  power  plant,  the  construction  of  the  transmission  line,  and  operation  of  the 
proposed  facility  were  quantitatively  assessed.  This  section  presents  the  methods  used  to  evaluate 
the  impacts  of  the  proposed  project  on  ambient  air  quality  and  visibility,  and  the  criteria  that  were 
used  to  assess  the  significance  of  those  impacts.  It  also  presents  the  results  of  those  analyses,  and 
identifies  the  potentially  significant  impacts. 

Air  quality  impacts  were  quantitatively  analyzed  by  a  four-step  process.   First,  the  proposed  project 
was  reviewed  in  order  to  identify  activities  and  equipment  that  may  be  sources  of  emissions  to  the 
atmosphere.  This  included  review  of  the  development  and  construction  phases  of  the  power  plant 
and  well  field,  construction  of  the  transmission  line,  normal  operation  of  the  power  plant,  plant 
upsets,  and  operational  activities  that  may  occur  infrequently.  Section  1  of  this  appendix  discusses 
the  potential  sources  of  emissions.  Second,  emissions  were  estimated  for  each  of  the  potential 
sources.  Third,  the  emissions  were  used,  along  with  appropriate  meteorological,  geographical  and 
engineering  data  in  dispersion  and  visibility  models  in  order  to  prepare  estimated  concentrations  of 
emitted  substances  in  the  ambient  air  and  the  potential  for  plume  visibility.   Finally,  the  estimated 
impacts  were  compared  to  appropriate  criteria  of  significance  in  order  to  identify  those  estimated 
impacts  that  are  considered  significant. 

In  order  to  complete  this  process  for  each  substance  that  may  be  emitted  from  or  at  the  proposed 
project,  there  must  exist  the  data  necessary  to  estimate  emissions  of  the  substance  and  an 
appropriate  method  for  preparing  those  estimates.  Also,  there  must  exist  either  a  standard  to 
which  estimated  concentrations  may  be  compared,  or  toxicity  data  appropriate  for  assessing  the 
contribution  of  the  substance  to  the  potential  for  adverse  health  effects.  Substances  expected  to  be 
emitted  from  the  proposed  project  were  included  in  this  quantitative  assessment  if: 

•  A  National  Ambient  Air  Quality  Standard  or  California  Ambient  Air  Quality  Standards  exists 
for  the  pollutant.   (These  are  referred  to  as  "criteria  pollutants.") 

•  The  California  Environmental  Protection  Agency's  Office  of  Environmental  Health  Hazard 
Assessment  (OEHHA)  has  published  a  cancer  potency  factor,  unit  risk  factor,  chronic 
reference  exposure  level  or  acute  reference  exposure  level. 

A  number  of  the  substances  fitting  these  criteria  are  also  listed  pursuant  to  California's  Proposition 
65  as  Chemicals  Known  to  the  State  of  California  to  Cause  Cancer  or  Reproductive  Toxicity. 
However,  for  two  substances  that  are  included  in  these  lists  (cobalt  and  antimony),  there  are  no 
ambient  air  quality  standards,  and  OEHHA  has  not  published  a  cancer  potency  factor,  unit  risk 
factor,  chronic  reference  exposure  level,  or  an  acute  reference  exposure  level.  Estimated  emissions 
and  concentrations  in  ambient  air  are  presented  in  this  section  for  these  substances,  but  they  could 
not  be  included  in  the  assessment  of  potential  health  risk. 
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In  all  tables  of  this  appendix,  values  are  presented  in  italics  for  substances  for  which  the  geothermal 
fluids  have  been  analyzed,  but  were  not  detected  in  the  fluids.  These  substances  include  beryllium, 
cadmium,  cobalt,  manganese,  nickel,  selenium,  copper,  asbestos  and  hydrochloric  acid.  The 
estimated  emission  rates,  ambient  concentrations  and  potential  health  effects  presented  for  those 
substances  have  been  estimated  by  assuming  that  they  are  present  in  the  geothermal  fluids  at 
concentrations  equal  to  one-half  of  the  analytical  reporting  limits.  This  is  a  common  procedure  for 
accounting  for  "non-detects." 

In  response  to  comments  submitted  on  the  Draft  EIS/EIR,  an  additional  substance,  radon,  was 
included  in  these  analyses.  There  is  no  ambient  air  quality  standard  for  radon,  and  OEHHA  has 
not  published  any  of  the  toxicity  data  needed  for  quantitative  assessment  of  the  potential 
contribution  of  radon  to  potential  adverse  health  effects.  However,  radon  is  a  recognized 
constituent  of  the  fluids  produced  from  geothermal  resources  worldwide,  and  the  U.S. 
Environmental  Protection  Agency  has  recommended  that  measures  be  taken  to  reduce  radon 
concentrations  inside  residences  if  the  concentration  exceeds  four  picoCuries  per  liter  of  air  (pCi/1). 
Emission  estimates  and  estimated  concentrations  of  radon  in  ambient  air  have  been  calculated  in 
the  same  manner  as  for  other  gaseous  constituents  of  the  geothermal  fluids,  and  the  estimated 
concentrations  were  compared  to  the  EPA's  4  pCi/1  level.    For  consistency,  estimated  emissions 
and  ambient  air  concentrations  of  radon  are  presented  in  the  same  units  as  all  other  substances 
(pounds  per  day,  pounds  per  year,  and  micrograms  per  cubic  meter).  The  highest  estimated 
concentrations  were  then  converted  to  picoCuries  per  liter. 

2.1  Estimation  of  Emissions 

Short-term  maximum  and  long-term  average  emission  rates  were  estimated  for  substances 
potentially  emitted  to  the  atmosphere  during  the  development  of  the  well  field,  and  construction  of 
the  facilities  and  roadways  at  the  project  site,  as  discussed  in  Section  1  of  this  appendix. 

Calpine  staff  prepared  estimates  of  the  emissions  of  substances  expected  to  be  present  in  the 
geothermal  fluids  during  normal  plant  operations,  during  well  venting,  and  under  plant  upset 
conditions.  These  estimates  were  based  on  the  known  or  guaranteed  performance  of  equipment 
(e.g.,  vent  silencers  and  cooling  towers),  the  expected  composition  of  the  geothermal  resource,  and 
engineering  calculations. 

Fugitive  Dust 

Fugitive  dust  emissions  associated  with  general  earthwork  (e.g.,  well  pad  construction)  were 
estimated  using  a  factor  recommended  by  the  U.S.  Environmental  Protection  Agency  for  total  dust 
emissions  for  such  activities.4  Based  on  data  for  individual  dust-generating  activities  for  which 
particle  size  distribution  data  are  available,  it  was  assumed  that  50%  of  the  dust  emitted  from 
general  earthwork  activities  is  10  micrometers  (um)  or  less  in  diameter.  This  emission  factor  was 
reduced  by  50%  for  earthwork  at  the  power  plant,  well  field  and  along  the  transmission  line  right- 
of-way  to  account  for  the  control  effectiveness  of  the  dust  control  program  that  will  be  used. 

The  roadways  on  site  will  be  surfaced  with  macadam  pavement.  Emissions  associated  with  vehicle 
travel  over  these  roads  were  estimated  using  an  U.S.  Environmental  Protection  Agency  (USEPA) 


XLS.  Environmental  Protection  Agency,  1995.   Compilation  of 'Air 'Pollutant  Emission  Factors.    Volume  I.   Stationary  Point 
and  the  Ana  Sources,  p.  13.2.3-1.  Section  revised  10/96. 


F-10 


PM10  emission  factor  equation  recommended  for  paved  roads.5    Calculation  of  the  factor  required 
information  regarding  the  silt  loading  of  the  roadway  surface  and  the  average  weight  of  vehicles 
traveling  over  the  road.  Because  the  actual  silt  loading  of  the  roadways  at  the  project  site  can  not  be 
predicted  in  advance,  an  average  value  for  silt  loading  on  haul  roads  at  surface  coal  mines  was  used.6 
The  nature  of  activities  at  surface  coal  mines  and  at  the  proposed  project  suggest  that  roadways  at 
mines  are  considerably  dustier  than  the  roads  at  the  proposed  project  will  be,  thus  the  use  of  these 
data  has  produced  some  overestimation  of  fugitive  dust  emissions  from  roadways  on  site. 

The  average  vehicle  weights  were  calculated  on  a  year-by-year  basis.  This  was  done  because  the 
vehicle  fleet  during  construction  is  expected  to  be  qu.:e  different  than  after  plant  operation  begins. 
Heavy  trucks  will  contribute  a  much  smaller  fraction  of  the  total  vehicle-miles  traveled  after 
construction  is  complete.   For  instance,  in  the  third  year  of  construction,  it  was  estimated  that 
pickup  trucks  will  travel  over  120,000  vehicle-miles,  while  big-ng  trucks  will  travel  less  than  4,000 
vehicle-miles.  After  startup,  pickup  trucks  are  expected  to  travel  about  41,000  vehicle-miles 
annually,  while  big-rigs  will  travel  about  200  vehicle-miles  during  years  in  which  infill  wells  are 
drilled,  and  less  in  other  years. 

Transmission  Line  Construction 

G.E.  Raleigh  &  Associates  provided  detailed  equipment  and  activity  information  for  the 
construction  of  the  transmission  line.  The  construction  will  take  place  during  the  summer  months 
of  two  consecutive  years.   Fugitive  dust  emissions  from  equipment  activities  were  estimated  using 
available  USEPA  emission  factors  for  similar  equipment  and  activities.7  The  access  roads  used  for 
the  transmission  line  will  not  be  paved.  Accordingly,  an  emission  factor  equation  recommended  by 
the  USEPA  for  unpaved  roadways  was  used  to  estimate  emissions  from  vehicle  travel  over  unpaved 
transmission  line  access  roads.  Calpine  will  implement  a  dust  control  program,  as  required  by  the 
U.S.Forest  Service,  for  these  roads.  The  program  may  include  watering,  use  of  dust  palliatives 
and/or  other  measures,  as  necessary.  It  is  expected  that  this  program  will  reduce  emissions  by  at 
least  50%,  so  a  50%  control  factor  was  used  in  the  estimation  of  fugitive  dust  emissions. 

It  was  estimated  that  maximum  daily  PM10  emissions  associated  with  transmission  line  construction 
for  the  first  and  second  year  of  construction  would  be  about  145  and  73  lbs/day,  respectively. 
These  values  include  the  construction  activities  and  vehicle-  travel  over  the  5,000  meters  of  access 
road  closest  to  the  work  area  on  any  day.   (The  actual  off-road  distance  traveled  by  worker  vehicles, 
equipment  trucks  and  logging  trucks  would  vary  from  location  to  location,  depending  on  the 
proximity  of  existing  roads,  topography,  etc) 

Drill  Rigs  and  Power  Plant  Backup  Generator 

Emissions  from  drill  rigs  were  estimated  using  USEPA  emission  factors  for  heavy-duty  stationary 
diesel  engines,  and  the  total  horsepower  of  the  engines  used  in  the  generators  of  a  typical  drill  rig 
(approximately  2,550  bhp)  and  average  loading  factors  of  67%  for  the  maximum  hourly  and  daily 


sibid,p.  13.2.1-1. 
6 ibid,  p.  11.9-8. 
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emissions  and  33%  for  the  average  daily  emissir  ns.8    The  emission  factors  used  reflect  control  of 
NOx  emissions  by  ignition  timing  retard.  (See  Section  6  of  this  appendix.)  These  factors  were  also 
used  to  estimate  the  emissions  of  the  power  plant  backup  generator. 

Emissions  from  the  Power  Plant 

Emissions  from  the  power  plant  during  norma'  operations  and  during  two  types  of  upset 
conditions  were  estimated  by  Calpine  staff  based  on  the  expected  makeup  of  the  geothermal  fluids 
using  engineering  and  material  balance  calculations.  Calpine  staff  provided  emissions  estimates  for 
the  cooling  tower  and  for  the  plant  vent  silenc  r  under  normal  operating  and  upset  conditions.  For 
upset  scenarios  in  which  the  turbine  bypass(es   are  available,  the  expected  control  efficiency  of  the 
hydrogen  sulfide  abatement  system  was  used  in  the  calculations.  For  bypass-unavailable  upset 
scenarios,  the  expected  control  efficiency  of  the  caustic  injection  system  was  used.  Table  1  presents 
the  estimated  emissions  from  the  cooling  tower  and  vent  silencer  under  normal  operating 
conditions.  Table  2  presents  the  estimated  emissions  from  the  vent  silencer  during  a  bypass- 
unavailable  outage  of  both  turbines.  Table  3  presents  the  estimated  annual  average  emissions  from 
the  plant  silencers  and  cooling  tower.  These  estimates  were  derived  from  the  estimated  emission 
rates  during  normal  plant  operation  and  during  upsets,  and  the  expected  frequency  of  upsets. 

Emissions  from  the  Well  Field 

Under  normal  operating  conditions,  there  ar  expected  to  be  no  significant  emissions  from  the  well 
field  except  fugitive  dust  from  the  on-site  ve nicies  traveling  over  site  roads.  However,  emissions 
may  occur  from  several  non-routine  events. 

As  discussed  in  Section  1.1  of  this  appendix  production  wells  drilled  prior  to  plant  startup  would  be 
flow  tested  in  order  to  assess  their  product   n  capacity.  When  this  occurs,  the  well  would  be 
vented  to  the  atmosphere  through  a  flash  t  nk  and  portable  silencer.  Essentially  all  of  the  other 
noncondensible  gases  would  be  released  to  the  atmosphere,  as  well  as  the  dissolved  and  suspended 
solids  present  in  the  liquid  phase  droplets  that  escape  the  silencer.  During  operation  of  the  plant, 
there  may  be  other  circumstances  that  require  well  venting  through  a  portable  silencer.  This  would 
be  done  in  the  same  fashion  as  flow  testing,  and  emissions  are  expected  to  be  the  same. 

Calpine  staff  estimated  emissions  of  substances  present  in  the  geothermal  fluids  during  well  venting 
based  on  expected  well  production  rates,  the  expected  makeup  of  the  resource,  and  engineering 
calculations.  Table  4  presents  these  estimrted  maximum  emission  rates  for  well  venting  through  a 
portable  silencer. 

Annual  emissions  due  to  venting  wells  were  estimated  from  Calpine's  estimated  emission  rates 
during  venting  or  flow  testing  and  the  exr  ected  number  of  well-hours  per  year  that  wellhead 
venting  will  occur.  This  was  done  on  a  y  ar-by-year  basis,  because  the  number  of  wells  flow  tested 
will  vary  considerably  during  the  three  years  of  well  field  development.  The  results  are  presented  in 
Table  5. 


%ibid.,  p.3.4-4.  Revised  10/96. 
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Table  1.  Estimated  Emissions  During  Normal  Operation 


Substance 

Cooling 

Tower 

lbs/day 

Vent 
Silencer 
lbs/day 

Total 
Ibs/dav 

Hydrogen  Sulfide 

2.0E+01 

1.9E+01 

3.9E+01 

Lead 

2.3E-06 

2.3E-05 

2.5E-05 

Antimony 

2.1E-05 

2.1E-04 

2.3E-04 

Arsenic 

1.8E-05 

6.8E-03 

6.9E-03 

Beryllium 

2.3E-07 

2.3E-06 

2.5E-06 

Cadmium 

2.3E-07 

2.3E-06 

2.5E-06 

Chromium 

2.3E-07 

2.3E-06 

2.5E-06 

Cobalt 

2.3E-07 

2.3E-06 

2.5E-06 

Manganese 

9.3E-07 

9.1E-06 

1.0E-05 

Mercury 

6.6E-04 

O.OE+00 

6.6E-04 

Nickel 

9.3E-07 

9.1E-06 

1.0E-05 

Selenium 

2.3E-07 

2.3E-06 

2.5E-06 

Boron 

2.1E-03 

2.1E-02 

2.3E-02 

Ammonia 

9.5E+01 

O.OE+00 

9.5E+01 

Volatile  Organic  Compounds 

3.6E+01 

O.OE+00 

3.6E+01 

Particulate  Matter 

1.2E+00 

7.9E+00 

9.1E+00 

Radon 

1.5E-09 

O.OE+00 

1.5E-09 

Copper 

3.0E-07 

3.0E-06 

3.3E-06 

Zinc 

1.1E-05 

1.1E-04 

1.2E-04 

Asbestos 

4.6E-06 

4.6E-05 

5.0E-05 

Benzene 

4.7E-01 

O.OE+00 

4.7E-01 

Toluene 

8.2E-01 

O.OE+00 

8.2E-01 

1,3  &  1,4 -Xylene 

1.3E-01 

O.OE+00 

1.3E-01 

1,2  -  Xylene 

4.7E-02 

O.OE+00 

4.7E-02 

Hydrochloric  acid 

4.6E-08 

4.6E-07 

5.0E-07 

Sulfate 

4.1E+00 

5.0E-02 

4.1E+00 
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Table  2.  Estimated  Emissions  During  Dual-Turbine  Upset, 
Turbine  Bypass  Unavailable 


Substance 

Vent  Silencer 

lbs/day 

Ibs/hr 

Hydrogen  Sulfide 

3.7E+01 

1.6E+00 

Lead 

9.3E-05 

3.9E-06 

Antimony 

8.6E-04 

3.6E-05 

Arsenic 

2.8E-02 

1.2E-03 

Beryllium 

9.3E-06 

3.9E-07 

Cadmium 

9.SE-06 

3.9E-07 

Chromium 

9.3E-06 

3.9E-07 

Cobalt 

9.3E-06 

3.9E-07 

Manganese 

3.7E-05 

1.6E-06 

Mercury 

2.1E-01 

8.7E-03 

Nickel 

3.7E-05 

1.6E-06 

Selenium 

9.3E-06 

3.9E-07 

Boron 

8.6E-02 

3.6E-03 

Ammonia 

1.2E+02 

5.0E+00 

Volatile  Organic  Compounds 

4.4E+01 

1.9E+00 

Particulate  Matter 

4.4E+01 

1.8E+00 

Radon 

1.5E-09 

6.1E-11 

Copper 

1.2E-05 

5.1E-07 

Zinc 

4.5E-04 

1.9E-05 

Asbestos 

1.9E-04 

7.8E-06 

Benzene 

4.7E-01 

1.9E-02 

Toluene 

8.2E-01 

3.4E-02 

1,3  &  1,4 -Xylene 

1.3E-01 

5.3E-03 

1,2  -Xylene 

4.7E-02 

2.0E-03 

Hydrochloric  acid 

1.9E-06 

7.8E-08 

Sulfate 

2.0E-01 

8.5E-03 
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Table  3.  Estimated  Annual  Average  Emissions  from 
Power  Plant  Cooling  Tower  and  Vent  Silencer 


Substance 

Cooling 
Tower 
lbs/yr 

Vent 

Silencer 

lbs/yr 

Hydrogen  Sulfide 

7.2E+03 

7.0E+O3 

Lead 

8.4E-04 

8.5E-03 

Antimony 

7.7E-03 

7.8E-02 

Arsenic 

6.6E-03 

2.5E+00 

Beryllium 

8.4E-05 

8.5E-04 

Cadmium 

8.4E-05 

8.5E-04 

Chromium 

8.4E-05 

8.5E-04 

Cobalt 

8.4E-05 

8.5E-04 

Manganese 

3.3E-04 

3.4E-03 

Mercury 

2.4E-01 

6.0E-01 

Nickel 

3.3E-04 

3.4E-03 

Selenium 

8.4E-05 

8.5E-04 

Boron 

7.7E-01 

7.8E+00 

Ammonia 

3.4E+04 

3.4E+02 

Volatile  Organic  Compounds 

1.3E+04 

1.3E+02 

Particulate  Matter 

4.3E+02 

3.0E+03 

Radon 

5.3E-07 

4.2E-09 

Copper 

1.1E-04 

1.1E-03 

Zinc 

4.0E-03 

4.1E-02 

Asbestos 

1. 7E-03 

1. 7E-02 

Benzene 

J.7E+02 

1.3E+O0 

Toluene 

3.0E+02 

2.3E+O0 

1,3  &  1,4 -Xylene 

4.6E+01 

3.7E-01 

1,2 -Xylene 

1.7E+01 

1.4E-01 

Hydrochloric  acid 

1.7E-05 

1.  7E-04 

Sulfate 

1.5E+03 

1.8E+01 

F-15 


Table  4.  Estimated  Emissions  for  Venting  Well  w/Portable 

Silencer 


Substance 

Portable  Silencer  (ea) 

lbs/day 

Ibs/hr 

Hydrogen  Sulfide 

1.9E+01 

8.0E-01 

Lead 

5.2E-05 

2.2E-06 

Antimony 

4.8E-04 

2.0E-05 

Arsenic 

1.6E-02 

6.5E-04 

Beryllium 

5.2E-06 

2.2E-07 

Cadmium 

5.2E-06 

2.2E-07 

Chromium 

5.2E-06 

2.2E-07 

Cobalt 

5.2E-06 

2.2E-07 

Manganese 

2.1E-05 

8. 7E-07 

Mercury 

2.0E-02 

8.5E-04 

Nickel 

2.1E-05 

8. 7E-07 

Selenium 

5.2E-06 

2.2E-07 

Boron 

4.8E-02 

2.0E-03 

Ammonia 

2.9E+00 

1.2E-01 

Volatile  Organic  Compounds 

2.1E+O0 

8.8E-02 

Particulate  Matter 

8.1E+00 

3.4E-01 

Radon 

1.5E-10 

6.3E-12 

Copper 

6.7E-06 

2.8E-07 

Zinc 

2.5E-04 

1.0E-05 

Asbestos 

1.0E-04 

4.3E-06 

Benzene 

1.1E-02 

4.5E-04 

Toluene 

8.1E-02 

3.4E-03 

1,3  &  1,4  -  Xylene 

6.5E-03 

2.7E-04 

1,2  -  Xylene 

2.4E-03 

9.9E-05 

Hydrochloric  acid 

1.0E-06 

4.3E-08 

Sulfate 

1.1E-01 

4.7E-03 
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Table  5.  Estimated  Annual  Emissions  from  Well  Venting  and  Flow  Testing 


Substance 

First  Year 

Qbs/yr) 

Second  Year 
Qbs/yr) 

Third  Year 
Qbs/yr) 

After  Plant 
Startup 

Qbs/yr) 

Hydrogen  Sulfide 

5.4E+02 

1.1E+03 

2.4E+03 

1.2E+02 

Lead 

1.5E-03 

2.9E-03 

6.5E-03 

3.1E-04 

Antimony 

1.3E-02 

2.7E-02 

6.0E-02 

2.9E-03 

Arsenic 

4.4E-01 

8.7E-01 

2.0E+00 

9.3E-02 

Beryllium 

1.5E-04 

2.9E-04 

6.5E-04 

3.1E-05 

Cadmium 

1.5E-04 

2.9E-04 

6.5E-04 

3.1E-05 

Chromium 

1.5E-04 

2.9E-04 

6.5E-04 

3. 1E-05 

Cobalt 

1.5E-04 

2.9E-04 

6.5E-04 

3.1E-05 

Manganese 

5.8E-04 

1.2E-03 

2.6E-03 

1.2E-04 

Mercury 

5.7E-01 

1.1E+00 

2.6E+00 

1.2E-01 

Nickel 

5.8E-04 

1.2E-03 

2.6E-03 

1.2E-04 

Selenium 

1.5E-04 

2.9E-04 

6.5E-04 

3.1E-05 

Boron 

1.3E+00 

2.7E+00 

6.0E+O0 

2.9E-01 

Ammonia 

8.0E+01 

1.6E+02 

3.6E+02 

1.7E+01 

Volatile  Organic  Compounds 

5.9E+01 

1.2E+02 

2.7E+02 

1.3E+01 

Particulate  Matter 

2.3E+02 

4.5E+02 

1.0E+03 

4.9E+01 

Radon 

4.3E-09 

8.5E-09 

1.9E-08 

9.1E-10 

Copper 

1.9E-04 

3.8E-04 

8.5E-04 

4.0E-05 

Zinc 

7.0E-03 

1.4E-02 

3.1E-02 

1.5E-03 

Asbestos 

2.9E-03 

5.8E-03 

1.3E-02 

6.2E-04 

Benzene 

3.0E-01 

6.1E-01 

1.4E+00 

6.5E-02 

Toluene 

2.3E+00 

4.5E+00 

1.0E+01 

4.8E-01 

1,3  &  1,4 -Xylene 

1.8E-01 

3.6E-01 

8.1E-01 

3.9E-02 

1,2 -Xylene 

6.7E-02 

1.3E-01 

3.0E-01 

1.4E-02 

Hydrochloric  acid 

2.9E-05 

5.8E-05 

1.3E-04 

6.2E-06 

Sulfate 

3.1E+00 

6.3E+00 

1.4E+01 

6.7E-01 
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Power  Plant  Operation 

Calpine  staff  estimated  emissions  from  the  power  plant  of  substances  present  in  the  geothermal 
fluids  during  normal  plant  operations  and  during  upset  conditions.  These  estimates  were  based  on 
the  expected  composition  of  the  geothermal  fluids,  the  physics  of  the  fluid  separation  in  the  flash 
tanks,  the  performance  of  the  proposed  plant  silencers,  condenser,  cooling  tower,  and  hydrogen 
sulfide  abatement  system.  Emission  rates  were  estimated  for  the  identified  emission  points  (the 
plant  vent  silencer  and  the  cooling  tower)  for  normal  operating  conditions,  and  under  a  dual- 
turbine  outage  upset  condition  that  would  result  in  100%  of  the  produced  steam  flow  being 
directed  to  the  plant  vent  silencer.  Only  upset  scenarios  including  venting  of  the  full  steam  flow 
through  the  plant  silencers  were  used  in  the  analyses  of  maximum  potential  air  quality  impacts. 
Upsets  that  resulted  in  shutdown  of  only  one  turbine,  or  in  which  Calpine  reduced  flow  from  the 
well  field,  would  have  lesser  emissions  than  the  full-flow  case. 

Summary  of  Estimated  Emissions 

Tables  6  through  1 1  present  the  estimated  maximum  daily  emissions  of  criteria  pollutants  (those  for 
which  a  California  or  federal  ambient  air  quality  standard  exists)  for  each  year  of  construction  and 
development  of  the  well  field  and  power  plant,  and  for  plant  operation  after  startup  under  various 
scenarios.   (Different  scenarios  are  used  for  the  various  pollutants,  because  different  situations 
would  lead  to  maximum  emissions  for  different  pollutants.  For  instance,  emissions  of  combustion 
products  after  plant  startup  would  be  maximized  when  the  plant  backup  diesel  generator  is  in 
operation  during  a  plant  upset  and  a  drill  rig  is  drilling  an  infill  well.  Hydrogen  sulfide  emissions 
would  be  maximized  in  the  unlikely  event  that  a  plant  upset  coincided  with  venting  two  wells.) 
Note  that  the  normal  operation  scenario  is  not  listed  in  Tables  6,  7,  and  8  because  no  combustion 
products  (other  than  minor  emissions  from  worker  vehicles)  would  be  emitted  from  the  normally 
operating  facility. 

Tables  12  through  17  present  the  estimated  annual  emissions  of  criteria  pollutants  for  each  year  of 
development  and  construction,  as  well  as  after  plant  startup. 
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Table  6.  Estimated  Maximum  Daily  Nitrogen  Oxides  Emissions 


Source 

Maximum  Daily  NOx  Emissions  (lb/day) 

Development  and  Construction 

After  Plant  Startup 

Yearl 

Year  2 

Year  3 

Dual 
Turbine 
Outage 

Upset 

Drilling 
Infill  Well 

Upset  + 

Drilling 

Well 

Rig  Engines 

530 

530 

1,591 

0 

530 

530 

Plant  Backup  Generator 

0 

234 

234 

234 

0 

234 

530               764            1,825                234                530                764 

Table  7.  Estimated  Maximum  Daily  Sulfur  Oxides  Emissions 


Source 

Maximum  Daily  Sulfur  Oxides  Emissions  Ob/day) 

Development  and  Construction 

After  Plant  Startup 

Yearl 

Year  2 

Year  3 

Dual 
Turbine 
Outage 

Upset 

Drilling 
Infill  Well 

Upset  + 

Drilling 

Well 

Rig  Engines 

17 

17 

50 

0 

17 

17 

Plant  Backup  Generator 

0 

7 

7 

7 

0 

7 

17                 24                 57                   7                  17                  24 

Table  8.  Estimated  Maximum  Daily  Carbon  Monoxide  Emissions 


Source 

Maximum  Daily  Carbon  Monoxide  Emissions  (lb/day) 

Development  and  Construction 

After  Plant  Startup 

Yearl 

Year  2 

Year  3 

Dual 
Turbine 
Outage 

Upset 

Drilling 
Infill  Well 

Upset  + 

Drilling 

Well 

Rig  Engines 

224 

224 

673 

0 

224 

224 

Plant  Backup  Generator 

0 

99 

99 

99 

0 

99 

224               323               772                 99                224                323 
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Table  9.  Estimated  Maximum  Daily  PMio  Emissions 


Source 

Maximum  Daily  PMio  Emissions  Ob/day) 

Development  and 
Construction 

After  Plant  Startup 

Yearl 

Year  2 

Year  3 

Normal 
Operation 

Normal 

Operation 

+  Drill 

Rig 

Normal 

Operation 

+  2  Wells 

Venting 

Dual 
Turbine 
Outage 

Upset 

Upset  +  2 

Wells 

Venting 

Fugitive  Dust 
Traffic 
Earthwork 

26 
51 

35 
41 

107 

0 

18 
0 

18 
0 

18 
0 

18 
0 

18 
0 

Rig  Engines 

29 

29 

86 

0 

29 

0 

0 

0 

Plant  Backup  Generator 

0 

13 

13 

0 

0 

0 

13 

13 

Cooling  Tower 

0 

0 

0 

1 

1 

1 

0 

0 

Plant  Vent  Site 

0 

0 

0 

8 

8 

8 

44 

44 

Wellhead  Venting 
and  Flow  Testing 

8 

16 

16 

0 

0 

16 

0 

16 

114          133 

222 

27 

56                 43                 75 

91 
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Table  10.  Estimated  Maximum  Daily  Hydrogen  Sulfide  Emissions 


Source 

Maximum  Daily  Hydrogen  Sulfide  Emissions  (lb/day) 

Development  and  Construction 

After  Plant  Startup 

Yearl 

Year  2 

Year  3 

Normal 
Operation 

Dual 
Turbine 
Outage 

Upset 

Upset  + 

Venting 

One  Well 

Upset  + 

Venting 

Two  Wells 

Plant  Silencer 

0 

0 

0 

19 

37 

37 

37 

Cooling  Tower 

0 

0 

0 

20 

0 

0 

0 

Venting  Wells 

19 

38 

38 

0 

0 

19 

38 

19 

38 

38 

39 

37 

56 

76 

Table  11.  Estimated  Maximum  Daily  Lead  Emissions 


Source 

Maximum  Daily  Lead  Emissions  Ob/day) 

Development  and  Construction 

After  Plant  Startup 

Yearl 

Year  2 

Year  3 

Normal 
Operation 

Dual 
Turbine 
Outage 

Upset 

Upset  + 

Venting 

One  Well 

Upset  + 

Venting 

Two  Wells 

Plant  Silencer 

0 

0 

0 

0.000023 

0.000093 

0.000093 

0.000093 

Cooling  Tower 

0 

0 

0 

0.000002 

0 

0 

0 

Venting  Wells 

0.000052 

0.000104 

0.000104 

0.000000 

0.000000 

0.000052 

0.000104 

0.000052 

0.000104 

0.000104 

0.000025 

0.000093 

0.000145 

0.000197 
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Table  12.  Estimated  Annual  Nitrogen  Oxides  Emissions 


Source 

Annual  Nitrogen  Oxides  Emissions  Clb/y  r ) 

Yearl 

Year  2 

Year  3 

After 
Plant 

Startup 

Rig  Engines 

25,990 

51,979 

155,938 

12,995 

Plant  Backup  Generator 

0 

5,265 

42,705 

947 

25,990          57,244         198,643           13,942 

Table  13.  Estimated  Annual  Sulfur  Oxides  Emissions 


Source 

Annual  Sulfur  Oxides  Emissions  (lb/yr) 

Yearl 

Year  2 

Year  3 

After 

Plant 

Startup 

Rig  Engines 

809 

1,617 

4,852 

404 

Plant  Backup  Generator 

0 

164 

1,329 

29 

809             1,781             6,181                434 

Table  14.  Estimated  Annual  Carbon  Monoxide  Emissions 


Source 

Annual  Carbon  Monoxide  Emissions  (lb/yr) 

Yearl 

Year  2 

Year  3 

After 

Plant 

Startup 

Rig  Engines 

10.996 

21,991 

65,974 

5,498 

Plant  Backup  Generator 

0 

2,228 

18,068 

401 

10,996          24,219           84,041             5,899 
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Table  IS.  Estimated  Total  Annual  PMio  Emissions 


Source 

Annual  PMio  Emissions  (lb/yr) 

Yearl 

Year  2 

Year  3 

After 

Plant 

Startup 

Fugitive  Dust 
Traffic 
Earthwork 

5,632 
5,080 

6,101 
1,741 

19,032 
0 

4,876 
0 

Rig  Engines 

1,399 

2,799 

8,397 

700 

Plant  Backup  Generator 

0 

284 

2,300 

51 

Cooling  Tower 

0 

0 

0 

426 

Plant  Vent  Site 

0 

0 

0 

2,984 

Wellhead  Venting  &  Flow  Testing 

227 

454 

1,021 

49 

12,338 

11,378 

30,749 

9^086 

Table  16.  Estimated  Annual  Hydrogen  Sulfide  Emissions 


Source 

Annual  Hydrogen  Sulfide  Emissions  (lb/yr) 

Yearl 

Year  2 

Year  3 

After 
Plant 

Startup 

Plant  Silencer 

0 

0 

0 

7,037 

Cooling  Tower 

0 

0 

0 

7,235 

Venting  Wells 

538 

1,075 

2,419 

115 

538             1,075             2,419            14,388 

Table  17.  Estimated  Annual  Lead  Emissions 


Source 

Annual  Lead  Emissions  (lb/yr) 

Yearl 

Year  2 

Year  3 

After 

Plant 

Startup 

Plant  Silencer 

0 

0 

0 

0.008 

Cooling  Tower 

0 

0 

0 

0.001 

Venting  Wells 

0.001 

0.003 

0.007 

0.000 

0.001            0.003            0.007            0.010 
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2.2  Dispersion  Modeling 

Dispersion  models  are  objective  computational  tools  for  estimating  ambient  airborne 
concentrations  of  substances  emitted  into  the  atmosphere.  Many  dispersion  models  are  available 
for  various  applications.  The  dispersion  analyses  presented  here  were  completed  using  a  model 
recommended  by  the  USEPA  for  this  type  of  application:  USEPA's  Industrial  Source  Complex  - 
Short  Term  (ISCST3)  model.9-10,11 

ISCST3  is  considered  a  refined  dispersion  model  for  receptors  in  simple  terrain  (elevations  at  or 
below  the  source  elevation),  which  means  it  considers  the  actual  configuration  of  the  sources, 
receptors  and  site-specific  meteorology  in  preparing  concentration  estimates. 

The  proposed  project  is  located  in  a  region  of  terrain  that  is  considered  "complex"  for  the  purpose 
of  dispersion  modeling.  (This  means  that  some  areas  are  above  the  expected  level  of  the  pollutant 
plumes  under  some  conditions.)  Prior  to  the  development  of  ISCST3,  it  was  necessary  to  use  both 
simple  terrain  and  complex  terrain  models  to  estimate  ambient  concentrations  in  regions  of 
complex  terrain.  The  current  version  of  the  model  incorporates  the  COMPLEX  I  complex  terrain 
algorithms  so  that  it  may  be  used  to  estimate  concentrations  for  all  receptors.  The  COMPLEX  I 
algorithm  is  considered  a  screening  method  for  assessing  the  impacts  of  a  source  on  receptor 
locations  that  are  above  the  source  elevation.  It  uses  conservative,  simplifying  assumptions 
regarding  plume  behavior  and  interaction  with  terrain.  The  use  of  these  simplifying  assumptions 
reduces  input  data  requirements  and  thus  makes  the  screening  algorithm  much  simpler  to  use  than 
refined  complex  terrain  models.  Screening  models  are  often  used  for  sources  that  have  very  low 
emissions  of  the  substance  in  question.  If  the  concentrations  estimated  by  a  screening  model 
indicate  that  they  will  have  no  significant  impacts,  there  is  no  need  to  go  to  the  additional  effort  and 
expense  of  a  refined  dispersion  model. 

ISCST3  was  used  to  estimate  the  annual  average  and  short-term  maximum  concentrations  of 
criteria  pollutants  emitted  from  the  facility  so  that  they  could  be  compared  to  the  appropriate 
California  and  federal  air  quality  standards  and  to  assess  their  potential  to  produce  adverse  health 
effects. 

The  following  types  of  data  were  needed  for  input  to  ISCST3: 

•  the  location,  ground  surface  elevation,  and  height  above  grade  of  each  emission  point; 

•  the  type  of  source  (point  source,  area  source,  or  volume  source); 

•  the  physical  characteristics  of  the  release  (dimensions  of  the  source,  flow  rate,  temperature,  etc.); 


U.S.  Environmental  Protection  Agency,  1986.    Guideline  on  Air  Quality  Models  (Revised),  with  Supplements  A  (1987) 
and  B  (1993).  EPA-450/2-78-027R.  pp.  4-9  -  5-5. 

U.S.  Environmental  Protection  Agency,  1995.   User's  Guide  for  the  Industrial  Source  Complex  (ISC3)  Dispersion  Models. 
Volume  I  -  User  Instructions.   Office  of  Air  Quality  Planning  and  Standards.   EPA-454/B-95-003a. 

U.S.  Environmental  Protection  Agency,  1995  and  1996.  Model  Change  Bulletin  #  1  and  Model  Change  Bulletin  #2  for 
the  Industrial  Source  Complex  Dispersion  Model  (ISC3).   Office  of  Air  Quality  Planning  and  Standards,  Support  Center  for 
Regulatory  Air  Models. 
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•  the  projected  height  and  crosswind  width  (for  each  of  36  wind  directions)  of  any  structures  or 
buildings  (or  combinations  thereof)  in  the  vicinity  of  each  point  source  that  may  affect 
dispersion  from  that  source; 

•  the  emission  rate  from  each  source  of  the  substance  for  which  estimated  concentrations  are 
sought; 

•  locations,  ground  surface  elevations,  and  height  above  grade  of  each  model  receptor  (point  at 
which  airborne  concentrations  are  to  be  estimated); 

•  meteorological  data  for  each  meteorological  condition  of  interest  that  may  result  in  different 
concentrations  at  each  receptor;  and 

•  the  averaging  period  over  which  concentrations  are  to  be  calculated. 

Locations  of  emissions  sources  were  obtained  from  hard  copy  and  AutoCad  maps  of  the  proposed 
facility  prepared  by  Calpine.  Also  used  were  U.S.  Geologic  Survey  (USGS)  7'/2-minute  series 
topographic  maps,  1:100,000  scale  topographic  maps,  and  USGS  Digital  Line  Graph  (DLG) 
l:100,000-scale  files.  Surface  elevations  for  source  and  receptor  locations  were  obtained  from 
USGS  three-arcsecond  Digital  Elevation  Model  files  of  the  project  area.  Heights  above  grade  of 
elevated  emission  sources  were  obtained  from  data  supplied  by  Calpine.  Fugitive  dust  sources 
(roadways,  well  pads,  and  the  power  plant  site)  were  represented  by  one  or  more  rectangular  area 
sources.  Point  sources  (portable  well  silencers,  the  plant  vent  silencer,  and  each  cell  of  the  cooling 
tower)  were  represented  in  the  model  as  individual  point  sources,  and  the  appropriate  release 
characteristics  (temperature,  flow  rate,  height  and  diameter)  were  provided  by  Calpine.  The 
location  of  each  source  was  input  to  the  model  in  Universal  Transverse  Mercator  (UTM) 
coordinates. 

Emission  rates  used  in  the  models  were  those  estimated  as  described  in  the  preceding  subsection. 
Annual  average  emission  rates  were  used  in  model  runs  to  estimate  annual  average  concentrations, 
while  hourly  emission  rates  were  used  to  estimate  the  maximum  short-term  concentrations. 
Fugitive  dust  emissions  were  specified  to  occur  during  the  work  hours  of  7:00  AM  to  12:00  noon 
and  1:00  PM  to  6:00  PM.  Emissions  from  all  other  sources  were  specified  to  occur  at  all  hours  of 
the  day. 

The  wind  direction-dependent  building  heights  and  widths  for  each  point  source  that  could  be 
affected  by  nearby  structures  were  calculated  using  the  USEPA's  Building  Profile  Input  Program 
(BPIP),  used  as  directed  in  the  User's  Guide.12,13  For  the  drill  rigs,  the  typical  height  and  width  of 
the  solid  structures  at  the  drill  site  (generator  and  pump  enclosures,  and  storage  tanks)  were  used  to 
create  the  building  height/width  data  for  the  rig  generator  exhaust  sources. 

As  described  in  Section  3.13  of  the  DEIS/DEIR,  meteorological  data  were  collected  by  T&B 
Systems  at  the  power  plant  site  during  the  period  November  1994  through  November  1995.  These 
data  included  hourly  average  wind  speed,  wind  direction,  temperature  and  standard  deviation  of 
wind  direction  (a  measure  of  atmospheric  stability).  The  hourly  data,  along  with  monthly  average 


12 
U.S.  Environmental  Protection  Agency,  1995.    User's  Guide  to  the  Building  Profile  Input  Program.   Office  of  Air  Quality 

Planning  and  Standards. 

13 

U.S.  Environmental  Protection  Agency,  1985.    Guideline  for  the  Determination  of  Good  Engineering  Practice  Stack  Height 
(Technical  Support  Document  for  the  Stack  Height  Regulations.   EP  A-450/4-80-023R 
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mixing  height  data  from  Holzworth14  were  processed  using  the  USEPA's  Meteorological 
Preprocessor  for  Regulatory  Models  (MPRM).  MPRM  converted  the  data  into  the  format  required 
by  ISCST3,  and  calculated  hourly  values  of  the  needed  data  from  the  raw  values  recorded  at  the 
proposed  plant  site  and  the  monthly  mixing  height  data. 

Receptor  locations  were  selected  by  MHA  staff,  based  on  review  of  activity  patterns  in  the  project 
area  and  the  population  distribution  in  the  surrounding  areas.  Twenty-two  receptor  locations  were 
input  to  the  dispersion  model.  These  locations  are  presented  in  Figure  2  and  3.  Table  18  describes 
the  receptor  locations,  and  presents  the  elevation  of  each. 

Numerous  model  runs  were  required  for  each  criteria  pollutant,  because  maximum  hourly  and 
annual  average  emission  rates  varied  between  years  of  construction  and  after  plant  startup.  Also,  in 
the  case  of  emissions  associated  with  drilling  and  venting  wells,  there  were  a  large  number  of 
potential  combinations  of  concurrent  activities  that  could  combine  to  create  maximum  ambient 
concentrations.  For  instance,  during  the  third  year  of  construction  when  Calpine  may  use  as  many 
as  three  drill  rigs,  rigs  could  be  operating  on  any  three  of  the  eight  well  pads  at  any  given  time,  while 
flow  testing  is  performed  at  any  two  of  the  five  production  well  pads.  No  attempt  was  made  to 
model  each  and  every  possible  scenario;  rather,  situations  likely  to  produce  maximum  impacts  at 
any  receptor  were  identified  and  included  in  the  modeled  scenarios. 

For  the  purpose  of  estimating  maximum  and  annual  sulfur  dioxide  (SO2)  concentrations,  it  was 
assumed  that  all  sulfur  oxides  (SOJ  emissions  would  be  in  the  form  of,  or  instantaneously 
converted  to,  S02. 

Most  combustion  sources  emit  NOx  primarily  or  exclusively  in  the  form  of  nitric  oxide  (NO). 
However,  nitrogen  dioxide  (NO^  is  the  nitrogen  oxide  for  which  California  and  federal  ambient  air 
quality  standards  have  been  set.  Oxidation  of  NO  to  N02  in  the  atmosphere  is  controlled  primarily 
by  the  presence  of  oxidants  (most  notably  ozone,  03).  The  USEPA  recommends  the  method  of 
Cole  and  Summerhays  (the  ozone-limiting  method)  for  estimating  ambient  N02  concentrations 
based  on  modeled  NOx  concentrations.15,16  This  method  was  used  to  estimate  the  maximum  one- 
hour  average  N02  concentrations  presented  here.  The  maximum  one-hour  average  03 
concentration  measured  during  a  five-year  period  at  Mt.  Lassen  (92  parts  per  billion)  was  used  in 
these  calculations,  although  it  is  unlikely  that  maximum  NOx  and  03  concentrations  would  occur 
concurrently.  To  the  extent  that  actual  ozone  concentrations  at  the  time  of  maximum  NOx 
concentrations  would  be  less  than  the  maximum  concentration  used  in  these  calculations,  the 
estimated  maximum  N02  concentrations  have  been  overstated. 

For  the  analysis  of  fugitive  dust  impacts  associated  with  construction  of  the  transmission  line,  a 
worst-case  scenario  of  work  area  and  access  roadway  positioning  along  the  right  of  way  was 


Tlolzworth,  George  C,  1964.   "Estimates  of  mean  maximum  miring  depths  in  the  contiguous  United  States." 
Monthly  Weather  Review 92:5,  pp.  235-242. 

U.S.  Environmental  Protection  Agency,  1986.   Guideline  on  Air  Quality  Models  (Revised),  with  Supplements  A  (1987) 
and  B  (1993).  EPA-450/2-78-027R.  pp.  6-5. 

Cole,  H.S.,  and  J.E.  Summerhays.   "A  review  of  techniques  available  for  estimating  short-term  NOz 
concentrations."  /.  Air  Pollution  Control  Assoc.  29:8,  pp.  812-817. 
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Figure  3.  Locations  of  Model  Receptors  Near  the  Project  Site 
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Table  18.  Receptor  Locations  and  Elevations  Used  in  Dispersion  Modeling 


Receptor  Number  and  Location 

UTM  Coordinates 

Elevation 

Easting 
(meters) 

Northing 

(meters) 

(feet) 

(meters) 

1  Medicine  Lake  Campground 

617,048 

4,604,775 

6,685 

2,038 

2  Medicine  Lake  Campground 

617.672 

4,604,643 

6,726 

2,050 

3  Medicine  Lake  Cmpgnd  HQ 

615,540 

4,604,516 

6,716 

2,047 

4  Medicine  Lake  Cabins 

617,667 

4,603,645 

6,700 

2,042 

5  Little  Medicine  Lake 

615,679 

4,604,817 

6,720 

2,049 

6  Medicine  Mountain 

616,806 

4,602,207 

7,480 

2,280 

7  Medicine  Lake  Glass  Flow 

616,085 

4,606,954 

6,860 

2.091 

8  Grouse  Hill 

614,284 

4,607,556 

7,150 

2,180 

9  Badger  Peak 

614,346 

4,605,903 

7,354 

2,242 

10  Little  Mt.  Hofiman 

611,946 

4,603,677 

7,310 

2,228 

11  Goshawk  Nest 

613,439 

4,609,098 

6,600 

2,012 

12  Fourmile  Hill 

615,601 

4,610,729 

7,076 

2,157 

13  Lookout  Butte 

614,608 

4,611,779 

7,310 

2,228 

14  SW  Crnr  Lava  Beds  NM 

616,155 

4,616.281 

5,660 

1,725 

15  Lava  Beds  Vis  Ctr 

624,155 

4,618,946 

4,766 

1,453 

16  Tionesta 

642,693 

4,612,175 

4,195 

1,279 

17  Dry  Lake 

641,648 

4,616,661 

4,150 

1,265 

18  Dorris 

589,234 

4,646,114 

4,240 

1,293 

19  Tulelake 

626,707 

4,645,705 

4,033 

1,229 

20  FS  49  near  plant  site 

614,890 

4,608,195 

6,940 

2,116 

21  Door  Knob  Snowmobile  Park 

620,171 

4,614,073 

5,600 

1,717 

22  Fourcorners-Medicine  Lake  Snowmobile  Park 

605.658 

4,609.390 

5,300 

1,616 
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developed  for  the  first  and  second  year  of  construction.  Then,  the  maximum  24-hour  average  PM]0 
was  estimated  using  the  ISCST3  model  and  with  the  transmission  line  right  of  way  at  all  possible 
directional  orientations.  Model  receptors  were  placed  along  the  right  of  way  at  distances  of  20,  50, 
100,  200,  500,  1,000,  5,000  and  10,000  meters  from  the  centerline,  on  both  sides.  For  each  receptor, 
the  maximum  estimated  24-hour  average  concentration  for  any  right  of  way  orientation  was 
selected. 
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3.0 
Estimated  Impacts  on  Ambient  Air  Quality 


This  section  presents  the  results  of  the  dispersion  modeling  discussed  in  Section  2,  and  compares 
the  results  of  appropriate  criteria  of  significance  in  order  to  assess  the  significance  of  the  estimated 
impacts. 

3.1  Significance  Criteria 

The  CEQA  Guidelines17  provide  criteria  for  determination  of  impacts  that  are  to  be  considered 
significant.  Of  relevance  to  air  quality  impacts,  Appendix  G  of  that  document  states  that  "a  project 
will  normally  have  a  significant  effect  on  the  environment  if  it  will:. ..(b)  Have  a  substantial, 
demonstrable  negative  aesthetic  effect;.. .(v)  Create  a  potential  public  health  hazard  or...(x)  Violate 
any  ambient  air  quality  standard,  contribute  substantially  to  an  existing  or  projected  air  quality 
violation,  or  expose  sensitive  receptors  to  substantial  pollutant  concentrations."  CEQA  and  the 
Guidelines  do  not  define  the  terms  "sensitive  receptors"  and  "substantial  pollutant  concentrations." 
Current  health  risk  assessment  guidance  used  widely  in  California  (the  CAPCOA  Risk  Assessment 
Guidelines1*)  defines  sensitive  receptors  as  "individuals  who  may  be  more  sensitive  to  toxic  exposures 
than  the  general  population."  For  risk  assessment  purposes,  locations  such  as  hospitals,  day  care 
centers  and  schools  are  often  identified  as  sensitive  receptors  locations. 

In  compliance  with  this  guidance,  air  quality  impacts  are  identified  as  significant  in  this  section  if : 
1)  the  estimated  concentration  of  a  criteria  pollutant  at  any  receptor  exceeds  its  California  or  federal 
ambient  air  quality  standard  for  the  appropriate  averaging  time  (i.e.,  estimated  maximum  24-hour 
average  concentrations  were  compared  to  24-hour  average  standards  for  that  pollutant),  2)  the 
estimated  concentration,  added  to  measured  or  reasonably  expected  background  concentrations  in 
the  area,  exceeds  a  relevant  California  or  federal  ambient  air  quality  standard,  3)  the  maximum  one- 
hour  average  concentration  of  a  non-criteria  pollutant  exceeds  an  acute  Reference  Exposure  Level 
(REL)  published  for  it  in  the  CAPCOA  Risk  Assessment  Guidelines,  4)  the  estimated  annual  average 
concentration  of  a  non-criteria  pollutant  exceeds  a  chronic  Reference  Exposure  Level  published  for 
it  in  the  CAPCOA  guidelines,  5)  the  estimated  maximum  one-hour  average  or  annual  average 
concentration  of  a  non-criteria  pollutant  approaches  the  corresponding  Reference  Exposure  Level 
at  a  receptor  location  at  which  sensitive  receptors  are  likely  to  be  located. 

Fugitive  dust  generation  is  a  consequence  of  nearly  every  construction  project  involving  earthwork 
of  any  kind.   It  is  also  a  consequence  of  vehicle  travel  on  paved  and  unpaved  roadways,  and  of  wind 
erosion  of  bare  soil  in  many  parts  of  the  state  and  country.  Some  portion  of  fugitive  dust 
comprises  particles  smaller  than  10  micrometers  (urn)  and  therefore  adds  to  atmospheric  PM10 


State  of  California,  1995.    CEQA:  The  Environmental  Quality  Act,  Law  and Guidelines.  Office  of  Planning  and 


Research. 


California  Air  Pollution  Control  Officers  Association  (CAPCOA),  1993.  Air  Toxics  "Hot  Spots"  Program  Revised 
1992  Risk  Assessment  Guidelines,  p.  Ill- 18. 
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levels.   In  most  air  pollution  control  districts  (particularly  in  non-urban  areas),  fugitive  dust  created 
during  construction  is  not  considered  in  the  air  quality  permitting  process,  and  is  treated  as  a 
temporary  nuisance.  However,  the  California  and  federal  ambient  PMi0  standards  do  not  draw  any 
formal  distinctions  regarding  the  source(s)  of  PM10,  nor  does  CEQA.  An  exceedance  caused  by 
fugitive  dust  from  a  nearby  source  is  still  considered  an  exceedance,  and  projected  exceedance  of 
the  California  or  federal  PM10  standard  by  a  proposed  project  is  considered  a  significant  impact. 

The  California  and  federal  ambient  air  quality  standards  apply  in  "ambient  airspace",  which  is 
generally  taken  to  mean  any  place  to  which  the  public  has  access,  regardless  of  ownership,  or  the 
likely  duration  of  stay.  Thus,  a  projected  exceedance  of  any  relevant  standard  at  any  location  (even 
a  remote  area)  is  considered  a  significant  environmental  effect  under  CEQA. 

This  section  presents  the  results  of  the  air  quality  impact  analysis  -  the  estimated  ambient  pollutant 
concentrations.  These  concentrations  are  expressed  in  micrograms  per  cubic  meter  (ng/m3)  at  the 
receptor  elevations  (about  1,200  to  2,100  meters,  or  about  4,000  to  7,500  feet,  above  sea  level).  At 
these  elevations,  the  atmosphere  is  about  10%  to  25%  less  dense  than  at  sea  level.  Thus,  if  these 
concentrations  were  converted  to  micrograms  per  standard  cubic  meter,  they  would  be  about  12% 
to  30%  higher,  depending  on  the  temperature  and  elevation  of  the  receptor.  Such  conversions  are 
generally  not  made  for  the  purpose  of  comparison  to  federal  ambient  air  quality  standards19,  but 
should  be  made  for  the  comparison  to  California  standards  for  gaseous  pollutants  (although  this  is 
rarely  done).  The  estimated  concentrations  presented  in  this  section  are  not  converted  to  standard 
concentrations  (equivalent  concentrations  at  sea  level  pressure  and  25°C).  However,  where  this 
conversion  would  cause  a  reported  value  to  exceed  a  California  standard,  it  is  noted  in  the  text. 

3.2  Estimated  Impacts 

Particulate  Matter  (PM,n) 

Table  19  presents  the  results  of  the  analysis  of  potential  impacts  of  development,  construction  and 
operation  of  the  power  plant  and  well  field  on  24-hour  average  ambient  PM10  concentrations.  The 
estimated  maximum  impact  of  the  project  on  these  short-term  average  concentrations  is  about  21 
Hg/m3  during  plant  construction,  and  17  |ig/m3  during  a  worst-case  scenario  after  plant  startup. 
Under  all  scenarios,  the  highest  concentrations  are  estimated  for  receptor  20,  located  on  Forest 
Service  Road  49  near  the  plant  site.   Under  normal  plant  operating  conditions,  the  maximum 
estimated  24-hour  average  PM10  concentration  is  just  over  1  |ig/m3.  These  maximum  estimated 
impacts,  when  added  to  typical  background  PM10  concentrations  in  the  project  area,  are  below  the 
federal  and  California  24-hour  average  ambient  PM]0  standards.  Thus,  none  of  the  modeled 
impacts  of  the  project  are  sufficient  to  cause  or  contribute  to  an  exceedance  of  the  California  or 
federal  24-hour  PM10  standards. 


Rhoads,  R.G.  (Director,  U.S.  Environmental  Protection  Agency  Office  of  Air  Quality  Planning  and  Standards 
Monitoring  and  Analysis  Division),  1984.   "Correcting  atmospheric  dispersion  models  to  standard  temperature  and  pressure, 
memorandum  to  R.L.  Duprey,  Director,  U.S.  Environmental  Protection  Agency,  Region  VIII  Air  and  Waste  Management 
Division. 
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The  results  of  the  annual  average  PM10  impact  analysis  for  the  development,  construction  and 
operation  of  the  well  field  and  power  plant  are  presented  in  Table  20.  None  of  the  modeled 
impacts  of  the  project  are  sufficient  to  cause  or  contribute  to  the  exceedance  of  the  California  or 
federal  annual  PM10  standards.20 

Because  the  maximum  short-term  and  annual  average  PM10  emissions  associated  with  development, 
construction  and  operation  of  the  well  field  and  power  plant  are  not  expected  to  cause  or 
contribute  to  an  exceedance  of  the  California  or  federal  PM10  standards,  the  impact  of  these 
emissions  is  not  considered  to  be  significant. 

The  results  of  the  analysis  of  potential  impacts  of  transmission  line  construction  on  ambient  PM10 
concentrations  are  presented  in  Table  21.  As  discussed  in  Section  2.2  of  this  appendix,  these 
impacts  were  analyzed  for  a  worst-case  construction  scenario  on  a  segment  of  the  transmission  line 
corridor  in  any  orientation.  The  results  are  presented  as  maximum  24-hour  concentrations 
associated  with  the  transmission  lines  construction  during  the  first  year  (right-of-way  clearing)  and 
the  second  year  (construction)  for  various  distances  from  the  right-of-way  centerline.  These 
estimated  concentrations  represent  the  maximum  impact  of  these  activities  on  24-hour  average 
PM10  concentrations  at  these  distances  under  the  combination  of  the  worst-case  scenario  of 
activities  and  the  meteorological  scenario  producing  the  highest  estimated  concentration  for  any 
receptor  at  the  stated  distance  from  the  right-of-way.  Under  more  favorable  meteorological 
conditions,  and  to  the  extent  that  construction  activities  are  not  carried  out  in  close  proximity  to 
one  another,  the  actual  impacts  would  be  expected  to  be  lower. 

The  analysis  indicates  that,  like  most  construction  projects  involving  land  clearing  and  travel  over 
unpaved  surfaces,  fugitive  dust  emissions  associated  with  the  construction  of  the  transmission  line 
could  cause  exceedances  of  the  California  and  federal  24-hour  PM10  standards  at  locations  close  to 
the  construction  activities  on  some  days.  Exceedances  of  this  standard  could  occur  within 
approximately  300  feet  of  the  nght-or-way  center  line.  The  modeling  of  worst-case  conditions 
predicts  that  the  Medicine  Lake  campgrounds  would  not  be  expected  to  experience  short-term 
exceedances  of  the  PM10  standard  as  a  result  of  transmission  line  construction  activities,  as  the 
closest  campsites  would  be  at  least  400  feet  away  from  the  edge  of  the  transmission  line  right-of- 
way.  The  closest  residences  in  the  Tionesta  area  are  approximately  1,500  feet  from  the  transmission 
line  right-of-way,  thus  transmission  line  construction  activities  are  not  expected  to  produce 
exceedances  of  the  state  24-hour  PM10  standard  there,  either.  Because  the  construction  activities  will 
advance  down  the  right-of-way  at  an  average  rate  of  about  2/10ths  mile  per  day,  the  impacts  of  the 
construction  activities  on  any  given  location  will  most  likely  be  limited  to  one  or  several  days, 
distributed  over  the  two  summers  of  construction  activity.  Regardless  of  the  transmission  line  route 
selected,  the  areas  potentially  affected  by  the  fugitive  dust  emissions  would  run  parallel  to  the  right- 
of-way. 


The  California  annual  PM10  standard  is  for  the  annual  geometric  mean.  Although  the  ISCST3  dispersion  model  used 
for  this  analysis  cannot  calculate  geometric  mean  concentrations,  a  geometric  mean  is  always  lower  than  the  arithmetic  mean 
calculated  from  the  same  observations.  Therefore,  the  annual  geometric  mean  PM10  concentrations  are  expected  to  be  lower 
than  those  presented  here. 

F-34 


00 

00 

NO 

NO 

00 

NO 

V) 

■* 

NO 

IT) 

© 

<N 

W~i 

<n 

^ 

o 

o 

^h' 

_< 

© 

<N 

_ 

o 

o 

o 

© 

© 

o 

<N 

r~ 

© 

ON 

</"> 

m 

© 

© 

o 

© 

© 

© 

<o 

© 

© 

** 
a 

o 

o 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

m 

© 

© 

3     B. 

© 

o 

© 

©' 

©' 

©' 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

e-   r 

h   « 

O     -w 

s* 

"* 

o 

r- 

<N 

en 

00 

© 

_ 

00 

NO 

^H 

u-i 

00 

NO 

v-> 

_ 

<N 

rvl 

en 

r~ 

00 

ir, 

■<*■ 

•*t 

en 

m 

"«t 

•— 4 

«N 

© 

</-> 

^H 

■<* 

^^ 

© 

^H 

© 

o 

© 

© 

© 

-* 

© 

© 

o 

o 

© 

© 

© 

© 

-H 

en 

© 

© 

Tt 

>— ' 

•—> 

© 

© 

© 

© 

© 

© 

NO 

© 

© 

o 

© 

© 

©' 

© 

© 

© 

©' 

© 

© 

©' 

©' 

©' 

© 

© 

© 

© 

© 

© 

~~ 

© 

© 

c 
o 

>< 

u 

5 

or 

On 

o 

_ 

NO 

*T) 

— 1 

<N 

«ri 

w-i 

© 

© 

r*) 

ON 

On 

en 

__ 

^— 

— . 

<N 

rj- 

"* 

<n 

"» 

e 

*— « 

<N 

<N 

■— 

<N 

*-* 

NO 

ci 

m 

— -^ 

NO 

NO 

NO 

© 

© 

© 

© 

© 

© 

m 

© 

© 

B 

o 

© 

o 

© 

© 

© 

© 

© 

•— i 

© 

© 

— * 

© 

© 

© 

© 

© 

© 

© 

© 

NO 

© 

© 

^ 

U 

<s 

o 

© 

© 

© 

© 

© 

© 

© 

© 

©' 

© 

© 

© 

©' 

© 

© 

© 

© 

© 

© 

© 

© 

=l 

■a 
e 

SB 

9 

V 

u 

*• 

>N 

« 

B 

a. 

S 

S 

a, 

^ 

_© 

o 

o 

00 

r» 

ON 

u-> 

00 

r- 

NO 

U") 

w> 

© 

en 

*o 

<N 

© 

_ 

_ 

— 

fN 

en 

fS 

mt 

> 

© 

o 

© 

© 

en 

00 

^— 

© 

•* 

■<t 

en 

© 

© 

© 

© 

© 

© 

r- 

© 

o 

0k 

o 

o 

© 

© 

© 

© 

© 

© 

© 

© 

■— < 

© 

© 

© 

© 

© 

© 

© 

© 

«rv 

© 

© 

— 

© 

© 

© 

© 

©' 

© 

©' 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

DC 

h- 
88 

o 

> 

«< 

a 

s 

a 

1 

■a 

V 

*-» 

« 

a 

on 

^ 

w 

B 

a. 

o 

•4* 

as 

JO 

<s 

V 

«v 

9 

JO 

J 

o 

■a 

E 

H 

B 

a 

u 
u 

S 

T3 

E 
3 

T3 

c 

3 

a 

£ 

aj 

^6 

— 
ez 

Oh 

o 

B 
CO 

o 

s 

2 

O 

"O 

o 

5 

in 

a> 

Z, 

6JD 

60 

c 

<*> 

U- 

fi 

•_^ 

r3 

^ 

Q. 

O. 

00 

c 

q} 

c/1 

*^* 

s 

£> 

e 

| 

E 

a. 
E 

IS 

C5 

■a 

_e 

C/3 

B 

■a 

o 

k> 

O 

E 

o 

— 

u 

u 

U 

0 

j 

a 

3 
O 

s 

4> 

a 

u 

1- 
C3 
o 

B 

ON 

5: 

o 

s 

CO 
-O 

o 

B 

ha 

8 

Q 

1 

OS 

1 

1 

o 

1 
o 

3 
O 

u. 

a 

o 

Cu 
u. 
O 

T3 

es 
ffl 

i 

o 

X 

</5 

O 

i 

3 

3 

OQ 

> 

on 
> 

•a 

« 

o 

"3 
H 

1 

(« 

ha 

E 

o 

3 

o 

o 

1 

2 

c 
o 

i 

2 

E 
o 

B 
o 

2 

'3 
1 

e 
'5 
•3 

i 
— 

j 

a 

O 

a 

3 
O 

tin 

3 
O 

o 
o 

E 
u 

C/3 

CQ 

> 

CO 

iS 

ISl 

O 

c 
o 

H 

E 

o 
Q 

« 
o 
OS 
CO 

M 

<N 

m 

>* 

«/-> 

NO 

r- 

00 

ON 

o 

_ i 

rs 

c-> 

"» 

«n 

NO 

r- 

00 

ON 

© 

M 

<N 

<N 

<N 

<S 

F-35 


Table  21.  Estimated  Maximum  24-Hour 

Average  PM]0  Concentration  During 

Transmission  Line  Construction 


Distance  from 

ROW 

Centerline 

(meters) 

Estimated  Maximum  24-Hour 
PMio  Concentration  (jig/m3) 

Yearl 

Year  2 

50 

63.3 

68.5 

100 

33.5 

25.4 

200 

17.2 

8.2 

500 

6.5 

2.1 

1,000 

2.8 

0.8 

2,000 

1.1 

0.4 

5,000 

0.4 

0.2 

10,000 

0.2 

0.1 

Fugitive  dust  impacts  associated  with  construction  activities  are  generally  not  treated  as  significant 
impa  ~s  by  local  air  pollution  regulatory  agencies.  However,  the  CEQA  guidelines  do  not  discern 
between  air  quality  impacts  related  to  construction  dust  and  those  due  to  other  sources.  Therefore, 
the  potential  impact  of  transmission  line  construction  dust  on  short-term  ambient  PM10 
concentrations  within  the  nearest  300  feet  is  considered  a  potentially  significant  impact. 

Sulfur  Oxides 

Tables  22,  23,  and  24  present  the  estimated  maximum  one-,  three-,  and  24-hour  average  sulfur 
dioxide  concentrations  associated  with  the  project.  Table  25  presents  the  estimated  annual  average 
sulfur  dioxide  impacts.  These  tables  present  no  estimated  S02  impacts  for  normal  operations  after 
plant  startup  because  there  will  be  no  significant  sources  of  SOx  emissions  under  normal  operating 
conditions.   Except  for  minor  emissions  from  vehicles,  SOx  will  be  emitted  only  during  the  drilling 
of  infill  wells  (from  the  rig  engines)  and  from  the  plant's  diesel  backup  generator  when  it  is  tested  or 
during  an  upset.  The  estimated  S02  impacts  for  all  phases  of  the  project  and  under  all  operating 
scenarios  are  well  below  their  respective  California  and  federal  standards.  The  project  is  not 
expected  to  cause  or  contribute  to  an  exceedance  of  any  S02  standard  or  RET,,  therefore  the 
impact  of  project  SOx  emissions  on  ambient  air  quality  is  not  considered  significant. 

Nitrogen  Oxides 

Table  26  presents  the  estimated  maximum  one-hour  average  ambient  N02  concentrations 
associated  with  project  emissions.  These  tables  present  no  estimated  N02  impacts  for  normal 
operations  after  plant  startup  because  there  will  be  no  significant  sources  of  NOx  emissions  under 
normal  operating  conditions.  Except  for  minor  emissions  from  vehicles,  NOx  will  be  emitted  only 
during  the  drilling  of  infill  wells  (from  the  rig  engines)  and  from  the  plant's  diesel  backup  generator 
when  it  is  tested  or  during  an  upset.  Table  27  presents  the  estimated  annual  average  ambient  N02 
concentrations  associated  with  the  project.    The  estimated  N02  impacts  for  all  phases  of  the 
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Table  22.  Estimated  Maximum  1-Hour  Average  Sulfur  Dioxide  Impacts  (u-g/m3) 


Receptor  Number  and  Location 

Development  and  Construction 

After  Startup 

Yearl 

Year  2 

Year  3 

Dual 

Turbine 

Upset 

Dual- 
Turbine 
Upset 
While 
Drilling 
Infill  Well 

1  Medicine  Lake  Campground 

3.1 

3.1 

7.2 

0.8 

3.4 

2  Medicine  Lake  Campground 

3.6 

3.1 

7.1 

1.3 

4.9 

3  Medicine  Lake  Cmpgnd  HQ 

4.8 

4.8 

6.9 

0.3 

4.8 

4  Medicine  Lake  Cabins 

2.3 

2.3 

6.0 

0.3 

3.2 

5  Little  Medicine  Lake 

4.1 

4.1 

5.7 

0.4 

4.6 

6  Medicine  Mountain 

0.9 

0.9 

1.4 

0.2 

0.9 

7  Medicine  Lake  Glass  Flow 

7.1 

7.1 

8.0 

1.3 

7.1 

8  Grouse  Hill 

9.8 

7.0 

16.6 

3.1 

13.0 

9  Badger  Peak 

1.9 

1.9 

4.6 

0.7 

2.4 

10  Little  Mt.  Hoffinan 

0.7 

0.8 

2.0 

0.2 

0.8 

11  Goshawk  Nest 

10.8 

18.4 

18.4 

3.7 

18.4 

12  Fourmile  Hill 

3.2 

3.8 

6.0 

0.6 

3.8 

1 3  Lookout  Butte 

1.8 

1.9 

4.4 

0.4 

2.9 

14  SW  Cmr  Lava  Beds  NM 

1.7 

1.7 

2.7 

0.2 

1.7 

15  Lava  Beds  Vis  Ctr 

0.7 

0.7 

2.5 

0.1 

1.1 

16  Tionesta 

0.1 

0.1 

0.2 

0.0 

0.1 

17  Dry  Lake 

0.2 

0.2 

0.5 

0.1 

0.2 

18  Dorris 

0.2 

0.3 

0.7 

0.1 

0.3 

19  Tulelake 

0.4 

0.4 

0.9 

0.0 

0.4 

20  FS  Road  49  Near  Plant  Site 

28.7 

15.3 

31.5 

12.1 

28.7 

2 1  Door  Knob  Snowmobile  Park 

1.7 

2.0 

4.3 

0.3 

2.0 

22  Fourcorners-Medicine  Lake  Snowmobile  Park 

1.3 

1.8 

4.6 

0.5 

1.9 
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Table  23.  Estimated  Maximum  3-Hour  Average  Sulfur  Dioxide  Impacts  (jxg/m3) 


Develop 

ment  and  Construction 

After  Startup 

Receptor  Number  and  Location 

Yearl 

Year  2 

Year  3 

Dual 

Turbine 

Upset 

Dual- 
Turbine 
Upset 
While 
Drilling 
Infill  Well 

1  Medicine  Lake  Campground 

1.6 

1.6 

5.1 

0.3 

2.4 

2  Medicine  Lake  Campground 

1.5 

2.0 

3.2 

0.5 

2.0 

3  Medicine  Lake  Cmpgnd  HQ 

1.8 

1.8 

3.2 

0.1 

1.8 

4  Medicine  Lake  Cabins 

1.8 

1.8 

4.4 

0.1 

1.8 

5  Little  Medicine  Lake 

1.8 

1.8 

3.0 

0.2 

2.3 

6  Medicine  Mountain 

0.4 

0.4 

0.9 

0.1 

0.4 

7  Medicine  Lake  Glass  Flow 

3.6 

3.6 

5.0 

0.9 

3.6 

8  Grouse  Hill 

7.7 

5.8 

12.0 

3.0 

9.5 

9  Badger  Peak 

1.3 

1.3 

2.9 

0.5 

1.8 

10  Little  Mt.  Hoffinan 

0.5 

0.6 

1.4 

0.1 

0.6 

11  Goshawk  Nest 

3.7 

6.1 

8.5 

1.2 

8.5 

12  Fourmiie  Hill 

1.9 

2.2 

3.8 

0.4 

2.2 

13  Lookout  Butte 

1.1 

1.4 

3.3 

0.3 

1.7 

14  SW  Crnr  Lava  Beds  NM 

0.6 

0.6 

1.1 

0.1 

0.6 

15  Lava  Beds  Vis  Ctr 

0.3 

0.3 

1.0 

0.0 

0.4 

16  Tionesta 

0.0 

0.0 

0.1 

0.0 

0.0 

17  Dry  Lake 

0.1 

0.1 

0.2 

0.0 

0.1 

18  Dorris 

0.1 

0.1 

0.3 

0.0 

0.1 

19  Tulelake 

0.1 

0.1 

0.3 

0.0 

0.1 

20  FS  Road  49  Near  Plant  Site 

20.6 

8.3 

25.4 

7.4 

21.1 

21  Door  Knob  Snowmobile  Park 

0.6 

0.8 

1.5 

0.2 

0.8 

22  Fourcomers-Medicine  Lake  Snowmobile  Park 

0.4 

0.6 

1.5 

0.2 

0.6 
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Table  24.  Estimated  Maximum  24-Hour  Average  Sulfur  Dioxide  Impacts  (p.g/m3) 


Receptor  Number  and  Location 

Development  and  Construction 

After  Startup 

Yearl 

Year  2 

Year  3 

Dual 

Turbine 

Upset 

Dual- 
Turbine 
Upset 
While 
Drilling 
Infill  Well 

1  Medicine  Lake  Campground 

0.3 

0.3 

0.9 

0.1 

0.4 

2  Medicine  Lake  Campground 

0.2 

0.3 

0.6 

0.1 

0.4 

3  Medicine  Lake  Cmpgnd  HQ 

0.4 

0.5 

1.1 

0.0 

0.5 

4  Medicine  Lake  Cabins 

0.3 

0.3 

0.7 

0.0 

0.3 

5  Little  Medicine  Lake 

0.6 

0.6 

1.0 

0.1 

0.6 

6  Medicine  Mountain 

0.1 

0.2 

0.4 

0.0 

0.2 

7  Medicine  Lake  Glass  Flow 

1.0 

1.0 

1.6 

0.2 

1.0 

8  Grouse  Hill 

1.6 

1.8 

3.7 

0.8 

2.3 

9  Badger  Peak 

0.5 

0.5 

1.2 

0.2 

0.7 

10  Little  Mt.Hofrman 

0.1 

0.1 

0.3 

0.0 

0.1 

1 1  Goshawk  Nest 

0.7 

0.8 

3.4 

0.2 

3.3 

12  Fourmile  Hill 

0.5 

0.6 

1.1 

0.1 

0.6 

13  Lookout  Butte 

0.3 

0.4 

0.8 

0.1 

0.5 

14  SW  Cmr  Lava  Beds  NM 

0.1 

0.1 

0.2 

0.0 

0.1 

15  Lava  Beds  Vis  Ctr 

0.0 

0.0 

0.1 

0.0 

0.1 

16  Tionesta 

0.0 

0.0 

0.0 

0.0 

0.0 

17  Dry  Lake 

0.0 

0.0 

0.0 

0.0 

0.0 

18  Dorris 

0.0 

0.0 

0.0 

0.0 

0.0 

19  Tulelake 

0.0 

0.0 

0.0 

0.0 

0.0 

20  FS  Road  49  Near  Plant  Site 

8.1 

2.4 

10.1 

1.7 

9.2 

21  Door  Knob  Snowmobile  Park 

0.1 

0.1 

0.2 

0.0 

0.1 

22  Fourcomers-Medicine  Lake  Snowmobile  Park 

0.1 

0.1 

0.2 

0.0 

0.1 
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Table  25.  Estimated  Annual  Average  Sulfur  Dioxide  Impacts  (jig/m3) 


Receptor  Number  and  Location 

Development  and  Construction 

After  Plant 
Startup 

Yearl 

Year  2 

Year  3 

1  Medicine  Lake  Campground 

0.00003 

0.00028 

0.00169 

0.00006 

2  Medicine  Lake  Campground 

0.00005 

0.00030 

0.00153 

0.00006 

3  Medicine  Lake  Cmpgnd  HQ 

0.00003 

0.00028 

0.00135 

0.00006 

4  Medicine  Lake  Cabins 

0.00003 

0.00021 

0.00115 

0.00005 

5  Little  Medicine  Lake 

0.00003 

0.00034 

0.00165 

0.00006 

6  Medicine  Mountain 

0.00003 

0.00013 

0.00072 

0.00003 

7  Medicine  Lake  Glass  Flow 

0.00022 

0.00091 

0.00491 

0.00019 

8  Grouse  Hill 

0.00033 

0.00211 

0.01290 

0.00056 

9  Badger  Peak 

0.00007 

0.00043 

0.00236 

0.00011 

10  Little  Mt.  Hoffman 

0.00002 

0.00011 

0.00057 

0.00003 

11  Goshawk  Nest 

0.00005 

0.00094 

0.00600 

0.00029 

12  Fourmile  Hill 

0.00026 

0.00073 

0.00484 

0.00026 

1 3  Lookout  Butte 

0.00017 

0.00057 

0.00356 

0.00021 

14  SW  Crnr  Lava  Beds  NM 

0.00001 

0.00008 

0.00053 

0.00001 

15  Lava  Beds  Vis  Ctr 

0.00000 

0.00003 

0.00019 

0.00000 

16  Tionesta 

0.00000 

0.00001 

0.00007 

0.00000 

17  Dry  Lake 

0.00000 

0.00001 

0.00006 

0.00000 

18  Dorris 

0.00000 

0.00001 

0.00010 

0.00000 

19  Tulelake 

0.00000 

0.00002 

0.00011 

0.00000 

20  FS  Road  49  Near  Plant  Site 

0.00219 

0.01132 

0.08736 

0.00185 

21  Door  Knob  Snowmobile  Park 

0.00001 

0.00005 

0.00031 

0.00001 

22  Fourcomers-Medicine  Lake  Snowmobile  Park 

0.00001 

0.00002 

0.0001 1 

0.00001 
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Table  26.  Estimated  Maximum  1-Hour  Average  Nitrogen  Dioxide  Impacts  (jig/m1) 


Receptor  Number  and  Location 

Development  and  Construction 

After  Startup 

Yearl 

Year  2 

Year  3 

Dual 

Turbine 

Upset 

Dual- 
Turbine 
Upset  While 
Drilling 
Infill  Well 

1  Medicine  Lake  Campground 

98.2 

98.2 

166.2 

24.9 

108.6 

2  Medicine  Lake  Campground 

116.6 

101.0 

165.8 

42.1 

158.6 

3  Medicine  Lake  Cmpgnd  HQ 

154.1 

154.1 

165.3 

10.2 

154.1 

4  Medicine  Lake  Cabins 

73.7 

73.7 

162.5 

9.1 

101.3 

5  Little  Medicine  Lake 

130.2 

130.2 

161.4 

12.1 

148.0 

6  Medicine  Mountain 

29.9 

29.9 

44.7 

5.2 

29.9 

7  Medicine  Lake  Glass  Flow 

165.0 

165.0 

167.7 

41.5 

165.0 

8  Grouse  Hill 

172.0 

163.0 

193.6 

101.1 

182.1 

9  Badger  Peak 

60.6 

62.3 

148.9 

21.1 

78.2 

10  Little  Mt.  Hoffinan 

21.0 

26.0 

63.2 

6.1 

27.1 

11  Goshawk  Nest 

178.3 

202.7 

202.8 

119.1 

202.7 

12  FourmileHill 

101.2 

120.6 

160.2 

19.4 

120.6 

1 3  Lookout  Butte 

56.6 

61.8 

141.1 

13.9 

92.2 

14  SW  Crnr  Lava  Beds  NM 

53.4 

53.4 

85.6 

5.7 

53.4 

15  Lava  Beds  Vis  Ctr 

22.0 

23.9 

79.7 

2.5 

35.1 

16  Tionesta 

2.3 

3.1 

7.5 

1.2 

3.2 

17  Dry  Lake 

5.5 

7.0 

17.2 

1.8 

7.0 

18  Dorris 

7.6 

9.5 

24.0 

2.2 

9.5 

19  Tulelake 

12.8 

12.8 

29.0 

0.9 

12.8 

20  FS  Road  49  Near  Plant  Site 

233.7 

190.8 

242.8 

180.7 

233.8 

21  Door  Knob  Snowmobile  Park 

54.2 

65.4 

137.7 

11.2 

65.4 

22  Fourcomers-Medicine  Lake  Snowmobile  Park 

41.3 

56.3 

148.1 

15.0 

62.2 
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Table  27.  Estimated  Annual  Average  Nitrogen  Dioxide  Impacts  (jj.g/m'*) 


Receptor  Number  and  Location 

Development  and  Construction 

After  Plant 
Startup 

Yearl 

Year  2 

Year  3 

1  Medicine  Lake  Campground 

0.0011 

0.0090 

0.0542 

0.0022 

2  Medicine  Lake  Campground 

0.0015 

0.0096 

0.0491 

0.0023 

3  Medicine  Lake  Cmpgnd  HQ 

0.0009 

0.0090 

0.0433 

0.0019 

4  Medicine  Lake  Cabins 

0.0009 

0.0068 

0.0369 

0.0017 

5  Little  Medicine  Lake 

0.0010 

0.0110 

0.0529 

0.0023 

6  Medicine  Mountain 

0.0008 

0.0042 

0.0232 

0.0012 

7  Medicine  Lake  Glass  Flow 

0.0071 

0.0291 

0.1578 

0.0075 

8  Grouse  Hill 

0.0106 

0.0676 

0.4145 

0.0189 

9  Badger  Peak 

0.0024 

0.0139 

0.0757 

0.0039 

10  Little  Mt.  Hoffman 

0.0007 

0.0037 

0.0184 

0.0011 

11  Goshawk  Nest 

0.0016 

0.0303 

0.1927 

0.0096 

12  FourmileHill 

0.0084 

0.0236 

0.1555 

0.0096 

1 3  Lookout  Butte 

0.0056 

0.0183 

0.1143 

0.0078 

14  SW  Cmr  Lava  Beds  NM 

0.0003 

0.0025 

0.0170 

0.0004 

15  Lava  Beds  Vis  Ctr 

0.0001 

0.0010 

0.0061 

0.0001 

16  Tionesta 

0.0000 

0.0003 

0.0021 

0.0000 

17  Dry  Lake 

0.0000 

0.0003 

0.0018 

0.0000 

18  Dorris 

0.0001 

0.0004 

0.0033 

0.0001 

19  Tulelake 

0.0001 

0.0006 

0.0037 

0.0001 

20  FS  Road  49  Near  Plant  Site 

0.0703 

0.3640 

2.8069 

0.0628 

21  Door  Knob  Snowmobile  Park 

0.0002 

0.0016 

0.0101 

0.0002 

22  Fourcomers-Medicine  Lake  Snowmobile  Park 

0.0002 

0.0007 

0.0034 

0.0002 
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project  and  under  all  operating  scenarios  are  well  below  their  respective  California  (one-hour 
average)  and  federal  (annual  average)  standards,  as  well  as  the  acute  REL.  The  project  is  not 
expected  to  cause  or  contribute  to  an  exceedance  of  any  NOa  standard  or  REL,  therefore  the 
impact  of  project  NOx  emissions  on  ambient  air  quality  is  not  considered  significant. 

Carbon  Monoxide 

Tables  28  and  29  present  the  estimated  maximum  one-  and  eight-hour  average  ambient  carbon 
monoxide  concentrations  associated  with  project  emissions.  As  in  the  case  of  NO,  and  S02,  these 
tables  present  no  estimated  CO  impacts  for  normal  operations  after  plant  startup  because  there  will 
be  no  significant  sources  of  CO  emissions  under  normal  operating  conditions.      The  estimated  CO 
impacts  for  all  phases  of  the  project  and  under  all  operating  scenarios  are  well  below  their 
respective  California  (one-  and  eight-hour  average)  and  federal  (one-  and  eight-hour  average) 
standards.  The  project  is  not  expected  to  cause  or  contribute  to  an  exceedance  of  any  CO 
standard,  therefore  the  impact  of  project  CO  emissions  on  ambient  air  quality  is  not  considered 
significant.  There  are  no  RELs  for  CO. 

Hydrogen  Sulfide 

Table  30  presents  the  estimated  maximum  one-hour  average  hydrogen  sulfide  concentrations 
associated  with  the  project.  The  estimated  H2S  impacts  for  all  phases  of  the  project  and  under  all 
operating  scenarios  are  below  the  California  one-hour  average  standard  and  the  chronic  and  acute 
RELs.  (The  standard  and  the  RELs  are  42  (Ig/m3.)  Background  H2S  concentrations  in  the  area  are 
believed  to  be  negligible,  so  the  project  is  not  expected  to  cause  or  contribute  to  an  exceedance  of 
the  California  standard.  Therefore,  the  impact  of  project  H2S  emissions  on  ambient  air  quality  is 
not  considered  significant. 

Lead 

Table  31  presents  the  estimated  maximum  monthly-average  ambient  airborne  lead  concentrations 
associated  with  project  emissions.  Because  average  concentrations  calculated  over  longer  averaging 
times  are  always  lower  than  shorter-term  maximum  calculated  from  the  same  data,  calendar  quarter 
average  and  annual  average  lead  concentrations  would  be  lower  than  the  monthly  values  presented 
here.  The  estimated  concentrations  are  far  below  the  California  (monthly-average)  and  federal 
(calendar  quarter  average)  ambient  lead  standards.  Since  project  lead  emissions  are  not  expected  to 
cause  or  contribute  significantly  to  an  exceedance  of  the  California  lead  standard,  the  federal  lead 
standard,  or  the  REL,  these  impacts  are  not  considered  significant. 

Other  Pollutants 

Table  32  presents  the  estimated  annual  average  concentrations  of  non-criteria  pollutants  emitted 
from  the  operating  facility.  All  of  the  estimated  annual  average  concentrations  are  well  below  their 
RELs,  thus  these  impacts  are  not  considered  significant. 

Table  33  presents  the  estimated  maximum  one-hour  average  concentrations  of  non-criteria  and 
criteria  pollutants  emitted  from  the  operating  facility  for  which  RELs  are  listed  in  the  CAPCOA 
Risk  Assessment  Guidelines,  under  the  worst-case  emissions  scenarios  (a  dual-turbine  upset  while  wells 
are  being  vented  with  portable  silencers)  and  worst-case  meteorological  scenario.  All  of  the 
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Table  28.  Maximum  1-Hour  Average  Carbon  Monoxide  Impacts  (^g/m3) 


Receptor  Number  and  Location 

Development  and  Construction 

After  Startup 

Yearl 

Year  2 

Year  3 

Dual 

Turbine 

Upset 

Dual- 
Turbine 
Upset  While 

Drilling 
Infill  Well 

1  Medicine  Lake  Campground 

41.7 

41.7 

97.8 

10.5 

46.1 

2  Medicine  Lake  Campground 

49.5 

42.9 

96.8 

17.8 

67.3 

3  Medicine  Lake  Cmpgnd  HQ 

65.4 

65.4 

94.5 

4.3 

65.4 

4  Medicine  Lake  Cabins 

31.3 

31.3 

82.1 

3.9 

43.0 

5  Little  Medicine  Lake 

55.3 

55.3 

78.0 

5.1 

62.8 

6  Medicine  Mountain 

12.7 

12.7 

19.0 

2.2 

12.7 

7  Medicine  Lake  Glass  Flow 

96.8 

96.8 

108.5 

17.6 

96.8 

8  Grouse  Hill 

133.9 

95.6 

225.6 

42.8 

176.7 

9  Badger  Peak 

25.7 

26.4 

63.2 

9.0 

33.2 

10  Little  Mt.  Hoffinan 

8.9 

11.0 

26.8 

2.6 

11.5 

11  Goshawk  Nest 

146.7 

250.6 

250.8 

50.4 

250.6 

12  FourmileHill 

43.0 

51.2 

81.8 

8.2 

51.2 

13  Lookout  Butte 

24.0 

26.2 

59.9 

5.9 

39.1 

14  SW  Cmr  Lava  Beds  NM 

22.7 

22.7 

36.4 

2.4 

22.7 

15  Lava  Beds  Vis  Ctr 

9.3 

10.1 

33.8 

1.1 

14.9 

16  Tionesta 

1.0 

1.3 

3.2 

0.5 

1.4 

17  Dry  Lake 

2.3 

3.0 

7.3 

0.8 

3.0 

18  Dorris 

3.2 

4.0 

10.2 

0.9 

4.0 

19  Tulelake 

5.4 

5.4 

12.3 

0.4 

5.4 

20  FS  Road  49  Near  Plant  Site 

390.6 

208.1 

429.3 

165.2 

390.8 

21  Door  Knob  Snowmobile  Park 

23.0 

27.7 

58.4 

4.8 

27.7 

22  Fourcorners-Medicine  Lake  Snowmobile  Park 

17.5 

23.9 

62.9 

6.4 

26.4 
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Table  29.  Maximum  8-Hour  Average  Carbon  Monoxide  Impacts  (p.g/m J) 


Receptor  Number  and  Location 

Development  and  Construction 

After  Startup 

Yearl 

Year  2 

Year  3 

Dual 

Turbine 

Upset 

Dual- 
Turbine 
Upset  While 

Drilling 
Infill  Well 

1  Medicine  Lake  Campground 

10.6 

11.2 

36.0 

2.1 

15.6 

2  Medicine  Lake  Campground 

8.9 

13.0 

22.7 

3.1 

14.0 

3  Medicine  Lake  Cmpgnd  HQ 

12.9 

13.3 

34.5 

1.0 

13.4 

4  Medicine  Lake  Cabins 

10.2 

10.7 

29.4 

1.0 

10.7 

5  Little  Medicine  Lake 

13.4 

13.6 

30.1 

1.6 

13.6 

6  Medicine  Mountain 

2.9 

3.4 

8.2 

0.9 

3.8 

7  Medicine  Lake  Glass  Flow 

26.4 

26.4 

43.5 

6.6 

26.4 

8  Grouse  Hill 

65.7 

42.5 

95.8 

17.2 

80.5 

9  Badger  Peak 

11.9 

14.6 

31.8 

5.4 

17.3 

10  Little  Mt.  Hoffman 

4.7 

4.3 

10.5 

1.2 

5.9 

11  Goshawk  Nest 

22.5 

31.5 

63.8 

6.9 

63.1 

12  Fourrnile  Hill 

13.1 

14.9 

29.9 

3.3 

15.8 

13  Lookout  Butte 

9.5 

11.3 

26.1 

2.2 

11.4 

14  SW  Crnr  Lava  Beds  NM 

3.0 

2.9 

5.3 

0.3 

3.1 

15  Lava  Beds  Vis  Ctr 

1.3 

1.5 

4.8 

0.2 

2.1 

16  Tionesta 

0.2 

0.2 

0.5 

0.1 

0.2 

17  Dry  Lake 

0.5 

0.6 

1.4 

0.1 

0.6 

18  Dorris 

0.4 

0.5 

1.3 

0.1 

0.5 

19  Tulelake 

0.7 

0.7 

1.5 

0.1 

0.7 

20  FS  Road  49  Near  Plant  Site 

220.5 

69.8 

246.5 

55.0 

237.1 

21  Door  Knob  Snowmobile  Park 

3.0 

3.8 

7.8 

0.7 

3.8 

22  Fourcorners-Medicine  Lake  Snowmobile  Park 

2.4 

3.3 

8.5 

0.9 

3.6 
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Table  33.  Estimated  Maximum  One-Hour  Average  Concentrations  of  Substances  Emitted  from  the  Proposed  Project 

After  Plant  Startup  (Worst-Case  Scenario) 


Substance 

Maximum  One-Hour  Average  Concentration  (jig/m3) 

Receptor  4 

(Medicine 

Lake  Cabins) 

Receptor  5 

(Little 

Medicine 

Lake) 

Receptor  8 
(Grouse  Hill) 

Receptor  11 

(Goshawk 

Nest) 

Receptor  12 

(Fourmile 

Hill) 

Receptor  20 
(FS  Rd  49) 

Sulfur  dioxide 

3.2 

4.6 

130 

18.4 

3.8 

28.7 

Nitrogen  dioxide 

101.3 

148.0 

182.1 

202.7 

120.6 

233.8 

Hydrogen  sulfide 

1.6 

2.4 

30.3 

2.1 

13.3 

21.8 

Mercury 

2.4E-03 

2.2E-03 

1.1E-01 

3.1E-03 

5.7E-02 

3.5E-02 

Nickel 

7.6E-07 

6.8E-07 

3.5E-05 

9.7E-07 

1.8E-05 

1.1E-05 

Selenium 

1.9E-07 

1.7E-07 

8.8E-06 

2.4E-07 

4.5E-06 

2.7E-06 

Ammonia 

1.2E+00 

1.1E+00 

5.6E+01 

1.5E+00 

2.9E+01 

1.7E+01 

Copper 

2.5E-07 

2.2E-07 

1.1E-05 

3.1E-07 

5.8E-06 

3.6E-06 

Xylene 

1.8E-03 

1.7E-03 

8.5E-02 

2.4E-03 

4.4E-02 

2.7E-02 

Hydrochloric  Acid 

3.8E-08 

3.4E-08 

1.8E-06 

4.8E-08 

9.0E-07 

5.5E-07 

Sulfate 

4.1E-03 

3.7E-03 

1.9E-01 

5.2E-0? 

9.8E-02 

5.9E-02 

Total  Acute  Hazard  Indices  for  Facility-Em. tted  Pollutants 

Respiratory  Irritation 

2.6E-01 

3.8E-01 

1.2E+00 

5.1E-01 

6.0E-01 

1.1E+00 

Central  Nervous  System 

8.0E-05 

7.2E-05 

3.7E-03 

1.0E-04 

1.9E-03 

1.2E-03 

Immune  S_ystem 

7.6E-07 

6.8E-07 

3.5E-05 

9.7E-07 

1.8E-05 

1.1E-05 

Kidney 

8.0E-05 

7.2E-05 

3.7E-03 

1.0E-04 

1.9E-03 

1.2E-03 

Liver 

8.0E-05 

7.2E-05 

3.7E-03 

1.0E-04 

1.9E-03 

1.2E-03 
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concentrations  of  these  pollutants  are  below  their  respective  RELs,  thus  these  impacts  are  not 
considered  significant. 

Potential  Health  Effects 

At  the  request  of  the  Siskiyou  County  Air  Pollution  Control  District,  estimated  excess  lifetime 
cancer  risk,  chronic  total  hazard  index  and  acute  total  hazard  index  were  calculated  using  the 
procedures  outlined  in  the  CAPCOA  Risk  Assessment  Guidelines.  The  excess  lifetime  cancer  risk  for 
each  receptor  was  calculated  by  multiplying  the  estimated  concentration  of  each  substance 
presented  in  Table  32  by  the  corresponding  unit  risk  factor  (if  applicable),  and  then  summing  the 
risks  for  all  substances.  The  chronic  total  hazard  index  was  calculated  by  dividing  the  concentration 
of  each  substance  presented  in  Table  32  by  the  corresponding  chronic  REL  (if  applicable),  and  then 
summing  the  results  for  each  affected  organ  or  system.  The  acute  total  hazard  index  was  calculated 
the  same  fashion  as  the  chronic  hazard  index,  using  the  estimated  maximum  one-hour  average 
concentrations  presented  in  Table  33  and  the  acute  applicable  acute  RELs.  URFs  exist  only  for 
substances  that  are  known  or  suspected  carcinogens.  Chronic  RELs  exist  for  substances  that  may 
produce  adverse  health  effects  due  to  sufficiently  high  long-term  exposures,  and  acute  RELs  exist 
only  for  substances  that  may  produce  adverse  health  effects  due  to  sufficiently  high  short-term 
exposures.  Not  all  three  values  exist  for  each  substance,  because  the  potential  health  effects  are 
different  for  each  pollutant.  Table  34  presents  the  URFs  and  RELs  for  the  substances  expected  to 
be  emitted  from  the  operating  facility. 

Table  35  presents  the  estimated  excess  lifetime  cancer  risk  for  each  receptor  location.  Implicit  in 
the  risk  calculation  method  recommended  in  the  CAPCOA  Guidelines  is  the  assumption  of  a  70-year 
exposure  period.  Therefore,  the  risk  estimates  presented  in  Table  35  can  be  interpreted  as  the 
estimated  increase  in  risk  of  getting  any  type  of  cancer  during  one's  lifetime  associated  with 
exposure  to  emissions  at  the  concentrations  presented  in  Table  33  for  70 years.  Air  pollution  control 
districts  generally  consider  estimated  excess  lifetime  cancer  risks  of  less  than  10"6  (one  cancer  case 
per  million  persons  exposed)  to  10 5  (one  cancer  case  per  100,000  persons  exposed)  to  be  not 
significant.   For  each  receptor  location,  the  estimated  excess  lifetime  cancer  risk  is  less  than  10"6. 

Table  36  presents  the  estimated  total  chronic  hazard  index  associated  with  the  estimated  long-term 
average  concentrations  presented  in  Table  32  for  each  receptor  location  and  target  organ  system. 
All  of  the  estimated  total  chronic  hazard  indices  are  much  less  than  one.  This  indicates  that  no 
adverse  health  effects  are  expected  as  a  consequence  of  long-term  exposures  to  emissions  from  the 
proposed  project  at  any  of  the  receptor  locations. 

Table  37  presents  the  estimated  total  acute  hazard  index  for  each  affected  organ  or  system 
associated  with  the  estimated  maximum  one-hour  average  concentrations  estimated  for  receptor  8 
(Grouse  Hill).  This  receptor  had  the  highest  estimated  total  acute  hazard  index.  The  maximum 
total  hazard  index  for  the  non-criteria  pollutants  and  hydrogen  sulfide  for  any  affected  organ  or 
system  is  0.75  (for  respiratory  irritation).  The  CAPCOA  Guidelines  indicate  that,  if  the  total  acute 
hazard  index  exceeds  0.5,  then  the  background  concentrations  of  criteria  pollutants  should  be 
considered  in  the  calculation,  as  well. 

As  discussed  in  Section  3.13  of  the  DEIS/DEIR,  the  background  concentrations  of  all  criteria 
pollutants  except  ozone  and  PM10  are  believed  to  be  negligible.  The  average  background 
concentration  of  ozone  in  the  project  area  is  about  50  parts  per  billion,  or  about  100  (J,g/m3.  The 
acute  REL  for  ozone  is  180  (J-g/m3.  Adding  the  hazard  index  for  ozone  (  100  (J.g/m3/180  fJ-g/m3  = 
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Table  34.  Unit  Risk  Factors  and  Reference  Exposure  Levels  for 
Substances  Emitted  from  the  Proposed  Facility 


Substance 

Unit  Risk 
Factor 
(mfyg) 

Reference  Exposure  Level 

(m3/jig) 

Chronic 

Acute 

Ammonia 

- 

100 

2,100 

Arsenic 

3.3E-03 

0.5 

— 

Asbestos 

6.3E-02 

— 

— 

Benzene 

2.9E-05 

71 

— 

Beryllium 

2.4E-03 

0.0048 

— 

Cadmium 

4.2E-03 

3.5 

— 

Copper 

— 

2.4 

10 

Hydrochloric  Acid 

— 

7 

3,000 

Hydrogen  Sulfide 

— 

42 

42 

Lead 

8.0E-05 

1.5 

— 

Manganese 

— 

0.4 

— 

Mercury 

— 

0.3 

30 

Nickel 

2.6E-04 

0.24 

1 

Selenium 

1.4E-04 

0.5 

2 

Toluene 

— 

200 

— 

Xylene 

— 

300 

4,400 

Zinc 

— 

35 

_ 

Sulfate 

- 

25 

25 

Source: 

CAPCOA  Air  Toxics  "Hot  Spots"  Program  Risk  Assessment  Guidelines 

Tables  m-6,  ffl-7,  m-8  &  HI- 10 

Notes: 

Asbestos  unit  risk  factor  was  converted  to  mass  units. 

Unit  risk  factos  for  lead  and  selenium  are  "screening"  risk  factors. 
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Table  35.  Estimated  Excess  Lifetime  Cancer  Risk  for  Each 
Receptor  (for  70-year  exposure) 


Receptor  Number  and  Location 

Estimated 
Excess 

Lifetime 

Cancer 

Risk 

1  Medicine  Lake  Campground 

5.0E-09 

2  Medicine  Lake  Campground 

5.7E-09 

3  Medicine  Lake  Cmpgnd  HQ 

4.1E-09 

4  Medicine  Lake  Cabins 

4.0E-09 

5  Little  Medicine  Lake 

4.7E-09 

6  Medicine  Mountain 

1.1E-08 

7  Medicine  Lake  Glass  Flow 

1.3E-08 

8  Grouse  Hill 

8.7E-08 

9  Badger  Peak 

2.6E-08 

10  Little  Mt.  Hoffman 

9.2E-09 

11  Goshawk  Nest 

4.0E-09 

12  Fourmile  Hill 

9.0E-08 

13  Lookout  Butte 

5.3E-08 

14  SW  Cmr  Lava  Beds  NM 

3.7E-09 

15  Lava  Beds  Vis  Ctr 

9.9E-10 

16  Tionesta 

2.8E-10 

17  Dry  Lake 

1.9E-10 

18  Dorris 

6.5E-10 

19  Tulelake 

8.3E-10 

20  FS  Road  49  Near  Plant  Site 

4.8E-08 

2 1  Door  Knob  Snowmobile  Park 

1.7E-09 

22  Fourcorners-Medicine  Lake  Snowmobile  Park 

4.5E-10 
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Table  37.  Estimated  Maximum  Acute  Hazard  Index  at  Point  of  Maximum  Impact  for  Each  Substance 
and  Affected  Organ  or  System  at  Receptor  8  (Grouse  Hill) 


Substance 

Central 
Nervous 
System 

Immune 
System 

Kidney 

Liver 

Respiratory 
Irritation 

Hydrogen  sulfide 

7.2E-01 

Mercury 

3.7E-03 

3.7E-03 

3.7E-03 

3.7E-03 

Nickel 

3.5E-05 

Selenium 

4.4E-06 

Ammonia 

2.6E-02 

Copper 

1.1E-06 

Xylene 

1.9E-05 

Hydrochloric  Acid 

5.8E-10 

Sulfate 

7.6E-03 

Total  Hazard  Index  for  Non- 
Criteria  Pollutants 

3.7E-03 

3.5E-05 

3.7E-03 

3.7E-03 

7.6E-01 

Ozone 

5.6E-01 

Total  Hazard  Index  for  Non- 
Criteria  Pollutants  plus 
Background  Ozone 

3.7E-03 

3.5E-05 

3.7E-03 

3.7E-03 

1.3E+00 

Sulfur  dioxide 

2.0E-02 

Nitrogen  dioxide 

3.9E-01 

Total  Hazard  Index  for  Non- 
Criteria  Pollutants  plus  Facility 
Emitted  Criteria  Pollutants 

3.7E-03 

3.5E-05 

3.7E-03 

3.7E-03 

1.2E+00 
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0.56)  to  the  total  acute  hazard  index  presented  in  Table  37  yields  a  higher  total  hazard  index  of  1.3. 
Although  the  CAPCOA  Guidelines  do  not  require  it,  logic  suggests  that  criteria  pollutants  emitted  by 
the  facility  should  also  be  considered.  However,  the  nitric  oxide  (NO)  emissions  from  the  drill  rig 
in  the  worst  case  scenario  would  immediately  react  with  any  ozone  present  at  the  point  of 
maximum  impact  (and  at  farther  distances  downwind),  reducing  it  to  molecular  oxygen  (O^  (This 
is  referred  to  as  "ozone  scavenging.")   Including  the  estimated  maximum  one-hour  average 
concentration  of  sulfur  dioxide  and  nitrogen  dioxide  in  the  calculation  of  the  total  acute  hazard 
index  results  in  a  value  of  1.3  for  the  toxicological  endpoint  of  respiratory  irritation.  Table  37 
presents  the  total  acute  hazard  indices  calculated  by  each  of  these  methods.21 

These  results  suggest  the  possibility  of  respiratory  irritation  if  a  person  where  located  at  this 
receptor  when  normal  or  upset  plant  operations  occurred  concurrently  with  the  drilling  of  an  infill 
well  and  two  wells  venting,  worst-case  meteorological  conditions,  and  the  annual  average  ozone 
concentrations.  However,  this  effect  is  not  expected  to  occur,  because  it  is  very  unlikely  that  all  of 
the  conditions  necessary  to  produce  this  effect  would  occur  concurrently,  and  because  adverse 
health  effects  have  not  been  observed  at  concentrations  near  the  acute  REL. 

Drilling  of  infill  wells  is  expected  to  occur,  on  the  average,  once  every  several  years  and  last  about 
six  weeks  (this  represents  about  five  percent  of  the  time).  Venting  of  wells  is  also  expected  to  occur 
infrequently.   (Flow  testing  of  infill  wells  would  not  occur  concurrently  with  drilling,  because  no 
more  than  one  infill  well  would  be  drilled  at  a  time  and  a  well  could  not  be  flow  tested  until  the 
drilling  was  completed.)  In  most  cases,  venting  of  a  production  well  would  decrease  the  emission 
rates  from  the  power  plant  because  that  well  would  be  off-line,  reducing  the  steam  flow  to  the 
plant. 

Worst-case  meteorological  conditions  generally  occur  at  night  and  are  more  frequent  during  the 
winter  months,  when  ambient  ozone  concentrations  are  usually  quite  low.  This  would  limit  the 
formation  of  N02  to  concentrations  much  lower  than  the  maximum  concentrations  estimated. 
Grouse  Hill  is  not  a  heavily  used  recreation  area,  and  is  probably  only  rarely  used  (if  at  all)  during 
the  winter  or  at  night.  Thus,  the  likelihood  of  a  human  receptor  being  present  at  the  point  of 
maximum  impact  when  the  worst-case  scenario  occurs  (if  ever),  is  very  low,  and  the  actual  impacts 
would  likely  be  much  less  than  estimated. 

The  hydrogen  sulfide  ambient  air  quality  standard  is  based  on  odor,  not  on  respiratory  irritation. 
The  acute  Reference  Exposure  Level  (REL)  for  hydrogen  sulfide  has  been  set  equal  to  the 
California  ambient  air  quality  standard.  The  lowest  hydrogen  sulfide  concentration  for  which 
respiratory  irritation  associated  with  short-term  exposure  has  been  reported  in  a  scientific  study  is 
about  2.5  parts  per  million  (83  times  higher  than  the  ambient  air  quality  standard  and  the  acute 
REL).22 

Total  hazard  indices  for  all  other  toxicological  endpoints  are  much  lower,  indicating  that  no  other 
adverse  health  effects  are  expected,  even  under  the  unlikely  worst-case  scenario. 


21 
In  the  table,  "noncriteria  pollutants"  refers  to  the  substances  present  in  the  geothermal  resource  that  are  expected 

to  be  emitted  from  the  proposed  facility,  including  hydrogen  sulfide.   Stricdy  speaking  however,  hydrogen  sulfide  and 

sulfates  are  criteria  pollutants,  because  there  are  California  ambient  air  quality  standards  for  hydrogen  sulfide  and  sulfates. 

22 
Bhambhani  Y,  and  Singh  M.  1985.  Effects  of  hydrogen  sulphide  on  selected  metabolic  and  cardio-respiratory 

variables  during  rest  and  exercise.  Report  submitted  to  Alberta  Worker's  Health  and  Safety  and  Compensation.  June,  1985. 

Cited  by  Alberta  Health  (1990). 
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The  same  calculations  for  the  other  five  nearby  receptor  locations  presented  in  Table  32  were 
completed  and  are  presented  in  Table  38.  All  results  were  less  than  one  (indicating  that  adverse 
health  effects  are  not  expected  under  any  circumstances),  except  for  the  receptor  20  (Forest  Service 
Road  49  near  the  power  plant)  when  the  effects  of  all  project-emitted  criteria  pollutants  were 
considered.  For  the  reasons  stated  above  for  receptor  8,  the  actual  maximum  concurrent  ambient 
pollutant  concentrations  would  likely  be  much  lower  than  estimated,  and  thus  acute  hazard  index 
would  be  much  lower. 

The  CEQA  guidelines  provide  no  guidance  on  the  assessment  of  the  significance  of  estimated  acute 
hazard  indices. 

Radon 

As  discussed  in  Section  2.0  of  this  appendix,  the  Cal-EPA  has  not  published  the  toxicity  data  for 
radon  that  would  be  necessary  for  it  to  be  included  in  the  quantitative  risk  assessment  calculations. 

The.  highest  estimated  contribution  to  annual  average  radon  concentration  in  ambient  air  associated 
with  emissions  from  the  proposed  project  is  about  5x1 0'12  ug/m3  or  0.0008  pCi/1  (at  the  top  of 
Fourmile  Hill).  The  highest  estimated  contribution  at  any  location  where  continuous  or  near- 
continuous  occupation  is  expected  is  1.9xl0"13  fig/m3  (0.00003  pCi/1)  at  the  Medicine  Lake  Cabins. 
These  concentrations  are  more  than  three  orders  of  magnitude  below  the  level  at  which  the  U.S. 
Environmental  Protection  Agency  recommends  corrective  measures.  Therefore,  radon  emissions 
from  the  proposed  project  are  not  expected  to  have  a  significant  impact  on  radon  concentrations  in 
ambient  air. 
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Table  38.  Estimated  Maximum  Acute  Hazard  Index  for  Each  Affected  Organ  or  System  at  Six  Receptor  Locations 

Close  to  the  Proposed  Project 


Substance 

Estimated  Maximum  Total  Acute  Hazard  Indices 

Receptor  4 

(Medicine 

Lake  Cabins) 

Receptor  5 

(Little 

Medicine 

Lake) 

Receptor  8 
(Grouse  Hill) 

Receptor  11 

(Goshawk 

Nest) 

Receptor  12 

(Fourmile 

Hill) 

Receptor  20 
(FS  Rd  49) 

Respiratory  Irritation 

5.9E-01 

6.1E-01 

1.3E+00 

6.1E-01 

8.9E-01 

1.1E+00 

Central  Nervous  System 

8.0E-05 

7.2E-05 

3.7E-03 

1.0E-04 

1.9E-03 

1.2E-03 

Immune  System 

7.6E-07 

6.8E-07 

3.5E-05 

9.7E-07 

1.8E-05 

1.1E-05 

Kidney 

8.0E-05 

7.2E-05 

3.7E-03 

1.0E-04 

1.9E-03 

1.2E-03 

Liver 

8.0E-05 

7.2E-05 

3.7E-03 

1.0E-04 

1.9E-03 

1.2E-03 
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4.0 
Estimated  Impacts  on  Visibility 


Potential  effects  of  project  emissions  on  visibility  were  assessed  using  the  Level  2  analysis  procedure 
recommended  by  the  U.S.  Environmental  Protection  Agency.23  For  single  sources,  impacts  on 
visibility  are  assessed  by  evaluating  the  perceptibility  of  the  plume  against  a  bright  sky  background 
and  a  dark  terrain  background.  The  EPA's  VISCREEN  model  was  used  to  perform  this  evaluation. 
VISCREEN  evaluates  plume  perceptibility  by  estimating  plume/background  contrast  at  three  light 
wavelengths,  and  then  compares  the  overall  brightness  contrast  and  color  difference  (AE)  to 
empirically-derived  human  perception  thresholds.  The  thresholds  used  in  the  model  as  screening 
criteria  have  been  developed  with  recognition  of,  and  adjustment  for,  the  fact  that  casual  observers 
are  less  likely  to  notice  a  plume  that  they  are  not  looking  for  than  are  trained  observers. 

VISCREEN  requires  input  of  the  total  emissions  of  primary  particulate  matter,  nitrogen  oxides, 
primary  nitrogen  dioxide,  soot,  and  primary  sulfate.24  Soot  (elemental  carbon  particles)  strongly 
affects  plume  visibility,  and  diesel  smoke  is  primarily  soot.  Therefore,  the  PM10  emission  rates 
estimated  for  the  diesel  generators  were  input  as  soot.  Diesel  exhaust  contains  little  or  no  primary 
N02;  the  NOx  present  in  the  exhaust  is  nearly  all  in  the  form  of  nitric  oxide  (NO).  The  NOx 
emissions  were  all  input  as  NO,  as  recommended  in  the  EPA  guidance  cited  above.  Internally,  the 
VISCREEN  model  assumes  that  10%  of  the  NOx  emissions  are  emitted  as  primary  N02  or  are 
converted  to  N02  in-plume.  The  project  is  not  expected  to  emit  primary  sulfate  compounds. 

Worst-case  emission  scenarios  for  each  of  the  three  years  of  construction  were  input  to  the  model, 
as  well  as  four  scenarios  for  the  plant  after  startup:  normal  operation,  a  dual-turbine  outage  upset, 
normal  operation  while  drilling  an  infill  well,  and  a  dual-turbine  outage  upset  while  venting  two 
wells.  The  distance  to  the  observation  point  was  input  as  8.1  kilometers,  corresponding  to  the 
distance  from  the  proposed  power  plant  to  the  southwest  corner  of  the  Lava  Beds  National 
Monument  and  Wilderness  Areas  ("Lava  Beds"). 

In  a  Level  1  analysis,  a  default  worst-case  meteorological  scenario  is  used  in  VISCREEN.  In  the 
Level  2  analysis  performed  for  the  proposed  project,  hourly  meteorological  scenarios  (measured  by 
the  on-site  meteorological  monitoring  program  conducted  for  this  project)  that  include  wind 
directions  which  could  not  transport  project  emissions  towards  Lava  Beds  were  eliminated.   (Wind 
directions  blowing  in  the  general  direction  of  Lava  Beds  prevail  about  one  third  of  the  time  in  the 
area  of  the  proposed  project.)  The  remaining  meteorological  data  were  sorted  from  least  favorable 
to  most  favorable  dispersion  conditions  for  the  time  periods  midnight  to  6:00  AM,  6:00  AM  to 
noon,  noon  to  6:00  PM,  and  6:00  PM  to  midnight  (local  standard  time).  Then,  for  each  of  the  four 


23 
U.S.  Environmental  Protection  Agency,  1992.   Workbook  for  Plume  Visual  Impact  Screening  and  Analysis  (Revised). 

EPA-454/R-92-023. 

Primary  pollutants  refer  to  those  emitted  directly  from  a  source.   Secondary  pollutants  are  those  that  are  formed 
from  primary  pollutants  after  some  residence  time  in  the  atmosphere  (and  frequently  after  reaction  with  other  pollutants  or 
atmospheric  constituents). 
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time  periods,  the  meteorological  scenarios  that  make  up  the  least  favorable  1%  of  the  scenarios 
were  eliminated.  The  least  favorable  scenarios  remaining  for  each  of  the  four  time  periods  were  F 
stability  and  2  meters  per  second  (m/s)  wind  speed  for  the  midnight  to  6:00  AM  and  6:00  PM  to 
midnight  time  periods,  and  D  stability  at  1  m/s  and  3  m/s,  respectively  for  the  6:00  AM  to  noon 
and  noon  to  6:00  PM  time  periods.  The  least  favorable  of  these  scenarios  (F  stability  and  2  m/s) 
was  used  as  input  to  VISCREEN. 

The  results  of  this  analysis  indicate  that  a  plume  from  the  project  area  may  be  visible  from  the 
southwest  corner  of  Lava  Beds  under  some  meteorological  conditions  during  each  year  of 
development  and  construction,  as  well  as  under  each  of  the  scenarios  after  plant  startup.  During 
development  and  construction,  the  model  results  indicate  that  the  plume  may  be  visible  both 
outside  Lava  Beds,  and  within  its  boundaries.  For  each  of  the  post-startup  scenarios  described 
above,  the  VISCREEN  results  indicated  that  the  plume  would  only  be  visible  close  to  the  source, 
and  not  within  Lava  Beds.  In  a  Level  2  visibility  analysis,  no  attempt  is  made  to  assess  the 
frequency  of  occurrence  of  a  visible  plume.  The  output  of  the  VISCREEN  model  is  presented  as 
Attachment  1  to  this  appendix. 

Experience  with  drill  rig  operations  in  applications  similar  to  the  proposed  project  is  not  consistent 
with  these  results.  Although  diesel  engines  are  can  produce  visible  smoke  near  the  source  when 
under  heavy  load  or  when  operated  improperly,  plumes  visible  at  considerable  distances  from  the 
rigs  have  not  been  observed  at  similar  projects  in  the  Geysers  KGRA,  where  geothermal  operations 
have  been  ongoing  for  many  years.25 

VISCREEN,  as  its  name  implies,  is  a  screening  model.  This  means  that  it  is  intended  to  be 
relatively  simple  to  use  and  require  relatively  simple  input  data,  while  quickly  identifying  those 
projects  that  will  not  cause  visible  plume  impacts.  More  sophisticated  models  (such  as  EPA's 
PLUVUE  II)  eliminate  many  of  these  assumptions,  but  require  much  more  extensive  input  data. 
The  following  (quoted  from  EPA's  Workbook  for  Plume  Visual  Impact  Screening  and  Analysis)  describes 
the  conservatism  of  the  VISCREEN  model. 

"VISCREEN  was  designed  to  be  conservative  by  making  the  following  model  assumptions: 

1.  It  is  assumed  that  the  line  of  sight  is  horizontal  so  that  it  intersects  the  most  plume  material. 
Nonhorizontal  lines  of  sight  intersect  less  plume  material  because  horizontal  dispersion  of 
plumes  exceeds  vertical  dispersion,  especially  under  stable  conditions. 

2.  N02  conversion  is  conservatively  treated  by  assuming  the  plume  is  uniformly  mixed  in  the 
22.5°  sector.  This  enhanced  dispersion  mixes  the  plume  with  more  ambient  03,  resulting  in 
greater  conversion.  However,  the  assumed  enhanced  dispersion  does  not  decrease  the  line- 
of-sight  integral  of  plume  material  for  the  assumed  horizontal  viewing  directions.  Only  the 
vertical  dimensions  of  the  plume  determine  the  magnitude  of  the  plume  material  that 
intersects  the  horizontal  line  of  sight. 

3.  Worst-case  sun  (scattering)  angles  are  assumed.  The  forward  scatter  case  (9=10°)  yields  very 
bright  plumes  because  the  plume  is  placed  nearly  directly  in  front  of  the  observer.  This 
geometry  would  rarely  occur  in  reality.  The  backward  scatter  case  (9=140°)  yields  the 
darkest  possible  plumes.  Thus,  the  screening  calculations  are  likely  to  yield  the  brightest  and 


25 


Reynolds,  Robert  (Lake  County  Air  Pollution  Control  Officer),  1997.   Personal  communication.   March  26. 
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darkest  possible  plumes.  It  is  left  to  more  detailed  PLUVUE  modeling  to  identify  realistic 
worst-case  sun  angles  that  would  occur  at  specific  times  of  interest. 

4.  Multiple  scattering  is  ignored  in  VISCREEN.  Light  scattered  into  the  line  of  sight  from 
directions  other  than  directly  from  the  sun  tend  to  slightly  decrease  the  plume  contrast  for 
the  worst-case  sun  angles  assumed. 

5.  For  terrain  viewing  backgrounds,  the  terrain  is  assumed  to  be  black  (the  darkest  possible) 
and  located  as  close  to  the  observer  and  plume  as  possible  .  This  assumption  yields  the 
darkest  possible  background  against  which  particulate  plumes  are  likely  to  be  most  visible. 
In  reality,  terrain  viewing  backgrounds  (if  indeed  terrain  is  behind  the  plume)  would  be  less 
dark  and  would  be  located  farther  from  the  observer. 

6.  Meteorological  conditions  are  assumed  to  persist  for  at  least  12  hours.  After  12  hours,  some 
additional  dispersion  is  assumed  in  VISCREEN  (by  increased  wind  speeds),  but  the  plume 

is  still  considered  to  remain  intact.  More  realistic  treatment  of  the  persistence  of  worst-case 
conditions  would  most  likely  yield  lower  plume  visual  impacts. 

7.  Default  meteorological  conditions  assumed  for  the  most  conservative  Level- 1  screening  (F, 
1  m/s,  y— 11-25°)  are  extreme  and  are  expected  to  be  more  conservative  than  worst-case 
conditions  identified  in  the  more  realistic  Level-2  and  Level-3  analyses. 

8.  The  screening  threshold  (AE=2;  contrast  of  0.05)  was  selected  at  the  upper  bound  of 
perceptibility  threshold,  representing  a  reasonable  estimate  for  casual  observers  in  the  field." 

In  the  quoted  text,  6  is  the  angle  between  the  plume  centerline  and  the  sun.  Thus,  0=10°  means 
that  the  sun  is  assumed  to  be  shining  almost  direcdy  along  the  axis  of  the  plume.  This  can  only 
occur  when  the  sun  is  very  low  in  the  sky  {i.e.,  at  dawn  or  dusk,  or  at  very  high  latitudes).  In  the 
area  of  the  proposed  project,  9=10°  could  only  occur  at  dawn  or  dusk,  under  conditions  of  east  or 
west  winds,  respectively.  Neither  of  these  wind  directions  would  transport  the  plume  towards  Lava 
Beds  National  Monument. 

The  notation  (F,  1  m/s,  y=  11.25°)  in  number  7  refers  to  "F"  atmospheric  stability  category  and  a 
wind  speed  of  1  m/s  (about  2  mph).    y  is  the  angle  formed  by  the  observer,  the  source  and  the 
plume  axis.    y-lL25°  indicates  that  the  plume  is  headed  very  close  to,  but  not  directly  at,  the 
observer.  F  stability  category  can  occur  only  during  nighttime  hours  (including  up  to  an  hour 
before  sunset  and  an  hour  after  sunrise).  Meteorological  monitoring  data  collected  at  the  proposed 
project  site  indicates  that  for  an  observer  located  anywhere  within  Lava  Beds  National  Monument, 
the  scenario  (F,  1  m/s,  y=  11.25°)  could  occur  about  0.9%  of  the  time  during  the  hours  of  midnight 
and  6:00  AM,  about  0.4%  of  the  time  between  6:00  PM  and  midnight.  This  scenario  did  not  occur 
at  all  during  the  hours  of  6:00  AM  and  6:00  PM  during  the  year  of  monitoring  at  the  proposed 
project  site.26 

Based  on  the  Level  2  VISCREEN  analysis,  the  impact  of  the  emissions  from  the  proposed  project 
on  visibility  in  the  Lava  Beds  National  Monument  and  Wilderness  Areas  is  considered  a  potentially 
significant  impact. 


As  described  above,  the  VISCREEN  default  worst-case  meteorological  scenarios  are  not  used  in  a  Level  2 
analysis;  rather,  a  worst-case  scenario  is  selected  from  site-specific  meteorological  data.   For  this  analysis,  the  scenario  was  (F, 
2  m/s,  7=11.25°). 
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5.0 
Effects  of  Other  Alternatives 


From  an  air  quality  perspective,  the  alternatives  to  the  proposed  action  would  not  change  the 
frequency,  magnitude  or  nature  of  most  impacts.  Emissions  from  the  power  plant  and  steam  field, 
during  construction  and  after  plant  startup,  would  be  same  for  each  alternative. 

As  discussed  in  Section  3.2  of  this  appendix,  construction  of  the  transmission  lines  could  cause 
exceedances  of  the  California  24-hour  PM10  standard  close  to  the  right-of-way  (within  about  100 
meters)  for  one  or  several  days  during  the  two  summers  of  construction.  The  locations  of  these 
impacts  would  be  determined  by  the  transmission  line  route.  Thus,  the  potentially  impacted  areas 
could  include  some  areas  of  the  Medicine  Lake  campground  under  Alternatives  1,  2,  3,  and  4.  In 
Alternatives  5  and  6,  the  transmission  line  corridor  would  pass  north  of  Mt.  Hoffman,  and 
therefore  eliminate  potential  impacts  to  the  Medicine  Lake  campground  area.  Alternatives  1,  3,  and 
5  include  transmission  line  corridor  alignments  passing  near  Tionesta,  while  Alternatives  2,  4,  and  6 
include  alignments  near  Dry  Lake.  In  any  event,  the  fugitive  dust  impacts  associated  with 
transmission  line  construction  would  be  mitigated  by  a  dust  control  program  which  is  expected  to 
reduce  this  impact  to  less  than  significant  at  any  receptor  point  (as  discussed  in  the  following 
section.) 

As  discussed  in  Section  4  of  this  appendix,  the  visibility  analysis  performed  for  the  proposed  project 
indicates  a  potentially  significant  impact  associated  with  NOx  and  particulate  matter  emissions  from 
onsite  sources  (primarily  dnlling  rigs)  during  construction,  well  drilling  and  worst-case  plant  upset 
conditions.  This  impact  would  be  the  same  under  each  of  the  alternatives  (except  the  no-action 
alternative). 

The  estimated  impacts  of  emissions  of  all  pollutants  from  the  onsite  sources  associated  with  plant 
and  well  field  construction,  and  plant  operation,  would  be  the  same  under  each  of  the  alternatives 
(except  the  no-action  alternative). 

The  no-action  alternative  would  avoid  the  air  quality  impacts  discussed  in  this  section. 
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6.0 
Mitigation  Measures 


Section  4  of  this  appendix  presents  the  estimated  impacts  of  the  proposed  project  on  ambient  air 
quality.  The  only  potentially  significant  impact  identified  was  the  impact  of  fugitive  dust  emissions 
associated  with  transmission  line  construction  on  short-term  (24-hour  average)  ambient  PM10 
concentrations.  Section  5  presents  the  assessment  of  potential  impacts  of  the  proposed  project  on 
visibility  within  Lava  Beds  National  Monument.  The  impacts  of  project  construction  were  found  to 
be  potentially  significant,  as  was  the  impact  of  plant  operation  during  upset  conditions  and  during 
the  drilling  of  infill  wells. 

6.1  Mitigation  of  Fugitive  Dust  Impacts  Associated  with  Transmission  Line  Construction 

The  primary  activities  contributing  to  fugitive  dust  impacts  during  transmission  line  construction  are 
expected  to  be  access  road  construction,  tower  pad  preparation,  tower  erection,  and  vehicle  traffic 
(worker  vehicles  and  logging  trucks).  Section  2  of  the  DEIS/DEIR  discusses  these  activities.  The 
estimated  PM10  impacts  presented  in  Table  21  are  the  maximum  potential  incremental  24-hour 
average  PM10  impacts  at  various  distances  from  the  right-of-way  centerline  with  no  fugitive  dust 
controls. 

The  U.S.  Forest  Service  has  indicated  that  they  will  require  that  a  fugitive  dust  control  program  be 
implemented  during  transmission  line  construction,  similar  to  those  required  during  logging 
operations.27  The  program  will  require  control  measures  such  as  watering  roadways  or  application 
of  dust  palliatives,  as  necessary  to  eliminate  significant  fugitive  dust  emissions.  It  is  expected  that 
with  this  mitigation,  transmission  line  construction  impacts  on  ambient  PM10  concentrations  will 
not  be  significant 

6.2  Mitigation  of  Visibility  Impacts 

The  primary  sources  of  emissions  associated  with  the  potentially-visible  plumes  identified  by  the 
VISCREEN  model  are  the  drill  rigs  and  the  plant  backup  diesel  generator.  The  NOx  and  PM10 
emission  rates  used  in  the  analyses  presented  in  this  appendix  are  most  likely  overestimated,  due  to 
the  conservative  assumptions  used  to  estimate  them. 

For  reasons  that  are  discussed  in  Section  5  of  this  appendix,  the  visibility  impacts  are  believed  to  be 
overestimated  by  the  VISCREEN  model.  Significant  visibility  impacts  have  not  been  observed  at 
similar  projects  in  the  Geysers  KGRA.28  If,  as  expected,  the  proposed  project  did  not  produce 
significant  visibility  impacts,  mitigation  would  not  be  necessary. 


27 
Sharp,  Randall.,  1997.   Comments  at  meeting  held  March  20,  Redding,  CA.   U.S.  Forest  Service. 

28 
Reynolds,  Robert,  1 997.   Personal  communication.   March  28.   Lake  County  Air  Pollution  Control  District. 
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The  potentially  significant  visibility  impact  identified  by  the  VISCREEN  analysis  is  due  to  NOx  and 
PM10  emissions.  NOx  would  be  emitted  from  drill  rigs  (during  well  field  development  and  when 
drilling  infill  wells  after  plant  startup)  and  from  the  plant  backup  generator  during  plant 
construction  (when  it  may  be  used  to  produce  electrical  power  for  construction  equipment), 
periodic  testing,  and  during  dual-turbine  plant  upsets. 

Prior  to  plant  startup,  the  dominant  sources  of  PMi0  would  be  fugitive  dust  from  construction 
activities  and  onsite  vehicle  travel,  and  drill  rig  engines.  Well  flow  testing  and  the  diesel  generator 
would  be  minor  sources  of  PM10.  After  plant  startup,  PM10  emissions  would  be  much  lower. 
About  half  of  the  total  PM10  emissions  during  normal  operation  would  be  from  fugitive  dust 
emissions  from  vehicle  traffic  onsite,  with  the  emissions  from  the  cooling  tower  and  plant  vent 
silencer  making  up  the  other  half.   Under  upset  conditions,  emissions  from  the  plant  vent  silencer 
would  be  the  dominant  source. 

In  general,  there  are  two  ways  emissions  of  a  pollutant  can  be  reduced:  reduction  of  the  source 
extent,  or  increased  control  of  emissions.  Reduction  of  source  extent  refers  to  minimizing  the 
pollution-causing  activity  or  process  {e.g.,  minimizing  the  number  of  hours  of  operation  of  an 
industrial  boiler).  Emissions  control  can  be  accomplished,  in  some  cases,  by  the  design  or  manner 
of  operation  of  a  process  or  device  so  that  it  produces  less  of  a  pollutant  per  unit  of  production.  In 
some  cases,  emissions  control  can  be  accomplished  by  abatement  systems  that  remove  a  pollutant 
from  an  exhaust  stream. 

Reduction  of  Source  Extent 

In  the  case  of  the  drill  rigs,  the  maximum  hourly  and  daily  emissions  could  be  mitigated  in  the  third 
year  of  well  field  development  by  using  two  rigs  instead  of  three.  If  this  were  necessary,  Calpine 
would  then  have  to  drill  throughout  the  winter  in  order  to  complete  enough  wells  to  begin  plant 
operation  the  following  spring.  Due  to  the  severity  of  the  winter  in  the  proposed  project  area,  this 
strategy  is  undesirable  due  to  issues  of  worker  safety,  and  equipment  and  employee  access 
requirements,  and  is  considered  a  last  resort.  The  use  of  only  two  drill  rigs  in  the  third  year  would 
not  reduce  the  total  project  PM10  and  NOx  emissions;  rather,  it  would  "spread  out"  the  emissions 
associated  with  the  most  active  phase  of  drilling  over  a  longer  time  period. 

In  the  case  of  the  plant  backup  generator,  there  would  be  no  practical  way  to  reduce  the  hours  of 
operation.  During  plant  construction,  the  generator  would  supply  power  for  tools  and  equipment 
until  the  transmission  line  was  completed  and  would  therefore  be  essential.  After  plant  startup,  the 
generator  would  only  be  operated  in  the  case  of  transmission  line  failure  (and  during  periodic 
testing  and  maintenance  of  the  generator). 

In  the  case  of  fugitive  dust  emissions  associated  with  vehicle  travel  on  site,  reduction  of  source 
extent  would  mean  reducing  the  vehicle-miles  traveled.  It  is  unlikely  that  reductions  below  the 
levels  presently  planned  could  be  practically  achieved,  because  Calpine  has  already  planned  to  use 
crew  buses  to  transport  workers  to  and  from  the  site  (to  the  extent  possible),  and  the  worker 
vehicle  travel  on  site  that  is  currently  planned  will  be  necessary  to  successfully  and  safely  construct 
and  operate  the  well  field  and  power  plant. 

Reduction  of  the  source  extent  for  the  cooling  tower  and  plant  vent  silencer  would  mean  reducing 
the  operation  of  the  power  plant.  This  would  not  be  feasible,  for  obvious  reasons.  Plant  upsets 
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(the  scenarios  producing  the  highest  short-term  emission  rates)  are  undesirable  events  that  would 
be  avoided  as  much  as  possible  for  many  reasons,  including  air  quality  impacts. 

Emissions  Control  Technology 

Reduction  of  NOx  emissions  from  the  drill  rig  engines  and  plant  backup  generator  may  be  mitigated 
by  emission  controls. 

Pursuant  to  Section  107  of  the  1990  Clean  Air  Act,  the  U.S.  Environmental  Protection  Agency  has 
published  a  study  of  alternative  control  techniques  (ACT)  for  stationary  reciprocating  engines.29 
The  study  identifies  two  control  technologies  for  NOx  emissions  from  diesel  engines:  injection 
timing  retard  and  selective  catalytic  reduction. 

Injection  timing  retard  refers  to  adjusting  an  engine's  timing  such  that  the  fuel  is  injected  into  the 
cylinder  later  in  the  cycle,  while  the  piston  is  traveling  downward.  Generally,  the  amount  of 
retardation  (relative  to  standard  timing)  is  3°  to  6°.  This  reduces  NOx  emissions  because  the 
combustion  takes  place  at  a  lower  temperature,  resulting  in  less  conversion  of  nitrogen  and  oxygen 
present  in  the  intake  air  to  react  to  form  nitric  oxide  (NO).30  In  some  cases,  an  engine  can  be 
adjusted  to  run  satisfactorily  by  simply  retarding  the  timing  by  a  set  amount,  but  some  engines  must 
be  retrofitted  with  a  sophisticated  engine  timing  controller  in  order  to  avoid  smoking  and/or 
difficult  starting.  Injection  timing  retardation  may  result  in  a  decrease  in  engine  power  output  and  a 
commensurate  increase  in  brake-specific  fuel  consumption  (fuel  use  rate  per  horsepower  produced). 
Injection  timing  retard  reduces  NOx  emissions  by  20  to  30%.  Using  EPA  figures,  the  cost  of  fitting 
injection  timing  retard  to  a  typical  drill  (with  three  850-horsepower  engines),  would  be  about 
$36,000  per  rig.  The  total  annual  operating  cost  would  be  about  $30,000  per  rig.  The  total  cost  of 
NOx  control  would  be  about  $1,000  per  ton  of  NOx  controlled. 

The  U.S.  Environmental  Protection  Agency  emission  factors  used  to  estimate  diesel  engine  NOx 
emissions  for  the  proposed  project  (as  described  in  Section  2.1  and  presented  in  Tables  6  and  12), 
are  for  engines  with  NOx  control  by  injection  timing  retard.  Thus,  this  control  technology  has  been 
included  in  the  emissions  estimates  presented  here  and  used  as  input  to  the  visibility  and  dispersion 
models. 

Selective  catalytic  reduction  is  a  system  in  which  ammonia  is  injected  into  the  engine  exhaust.  In 
the  presence  of  a  base  metal  or  zeolite  catalyst,  the  NOx  in  the  exhaust  reacts  with  the  ammonia  to 
form  molecular  nitrogen  (N^  and  water.  SCR  systems  can  reduce  NOx  emissions  by  about  80  to 
90%.  SCR  causes  a  decrease  of  power  output  and  an  increase  of  brake-specific  fuel  consumption, 
due  to  the  increase  exhaust  system  back  pressure  caused  by  the  catalyst  bed.  The  system  requires 
power  to  run  the  pumping  equipment  used  to  feed  and  vaporize  the  ammonia. 

At  the  time  of  publication  of  EPA's  Alternative  Control  Technique  document  (1993),  only  nine 
applications  of  SCR  on  diesel  engines  were  identified  in  the  United  States,  and  another  10  in  foreign 
countries. 


U.S.  Environmental  Protection  Agency,  1993.      Internal  Combustion  Engines  Alternative  Control  Techniques  Office  of 


Air  Quality  Planning  and  Standards,  Control  Technology  Center.   EPA-453/R-93-032. 

In  a  diesel  engin 
to  as  "ignition  timing  retard 


In  a  diesel  engine,  injection  timing  retardation  delays  ignition  of  the  fuel-air  charge,  thus  it  is  sometimes  referred 
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Based  on  data  presented  by  EPA  and  the  size  and  expected  hours  of  operation  for  the  proposed 
project,  data  presented  in  the  EPA  ACT  document  indicate  that  SCR  would  cost  roughly  $250,000 
per  rig  to  install  and  $300,000  per  rig  annually  to  operate.   (An  equipment  vendor  in  California 
estimated  the  installed  equipment  price  to  be  about  $200,000  per  engine,  or  more  than  twice  the 
EPA  figure.31)   Using  EPA  data,  the  total  cost  of  NOx  control  would  be  on  the  order  of  about 
$4,000  per  ton  of  NOx  controlled.32    Most  likely,  the  cost  of  installation  and  operation  for  a 
transportable  source  such  as  a  drill  rig  would  be  higher  than  the  estimated  costs  cited  here. 

The  use  of  SCR  would  have  adverse  logistical  and  environmental  consequences.  Operation  of  a 
SCR  system  would  require  ammonia,  a  hazardous  material  which  would  have  to  be  transported  to, 
and  stored  at,  the  project  site.  Operation  of  a  single  drill  rig  would  require  several  hundred  pounds 
of  ammonia  per  day.  Use  of  two  or  three  rigs  during  the  third  year  of  construction  would  require 
proportionately  more  ammonia. 

SCR  systems  require  careful  control  of  NOx/NH3  ratio.  If  too  little  ammonia  is  injected,  the 
control  efficiency  decreases.  If  too  much  is  injected,  the  excess  ammonia  is  emitted  to  the 
atmosphere.  This  is  referred  to  as  "ammonia  slip."  The  excess  ammonia  may  react  with  sulfur  or 
other  compounds  in  the  exhaust  or  atmosphere  to  form  ammonium  compounds,  creating  PM10. 
For  this  reason,  SCR  is  most  successfully  used  in  applications  with  relatively  constant  NOx 
emissions  and  exhaust  conditions.  Control  of  the  appropriate  NOx/NH3  ratio  would  probably  be 
difficult  on  a  drill  rig,  where  the  load  on  the  engines  varies  considerably  over  short  periods  of  time. 

Catalysts  used  in  SCR  systems  have  a  finite  lifetime.  With  time,  the  catalyst  bed  becomes  less 
effective  until  it  eventually  must  be  replaced.  Depending  on  the  catalyst,  disposal  as  a  hazardous 
waste  may  be  required.  According  to  EPA, 

"While  spent  precious  metal  and  zeolite  catalysts  are  not  considered  hazardous  waste,  it  has  been 
argued  that  vanadium-  and  titanium-based  catalysts  are  classified  as  hazardous  waste  and  therefore 
must  be  handled  and  disposed  of  in  accordance  with  hazardous  waste  regulations.  According  to  the 
Best  Demonstrated  Available  Technology  (BDAT)  Treatment  Standards  for  Vanadium  PI  19  and 
PI 20,  spent  catalysts  containing  vanadium  pentoxide  are  not  classified  as  hazardous  waste. 

State  and  local  agencies  are  authorized  to  establish  their  own  hazardous  waste  classification  criteria, 
however,  and  spent  catalyst  material  may  be  classified  as  a  hazardous  material  in  some  areas.  For 
example,  the  State  of  California  has  reportedly  classified  spent  catalyst  material  containing  vanadium 
pentoxide  as  a  hazardous  waste."33 


31 
Rayford,  Robert,  1997.   Personal  Communication.   March  31.   Quinn  Power  Systems,  Fresno,  CA 

"These  figures  are  based  on  the  assumption  that  the  engines  would  have  to  be  individually  fitted  with  SCR  systems. 
The  cost  data  provided  by  EPA  are  for  stationary  installations.   Designed  transportable  systems  for  a  drill  rig  would  probably 
tend  to  increase  the  cost,  while  sharing  some  of  the  abatement  system  components  (if  possible)  would  probably  tend  to  lower 
the  costs. 

33 

U.S.  Environmental  Protection  Agency,  1993.      Internal  Combustion  Engines  Alternative  Control  Techniques  Office  of 
Air  Quality  Planning  and  Standards,  Control  Technology  Center.   EPA-453/R-93-032. 
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SCR  systems  can  cause  a  variety  of  operational  problems  when  used  with  diesel  engines,  particularly 
in  load- varying  applications.  The  problems  include  plugging  of  the  catalyst  bed,  poisoning  of  the 
catalyst,  and  engine  overheating.34 

The  EPA's  alternative  control  technique  study  identified  no  control  technologies  for  PM10  from 
stationary  diesel  engines. 

In  order  to  assess  where  and  in  what  situations  these  control  technologies  have  been  required 
elsewhere  in  the  country,  the  author  reviewed  all  entries  in  the  U.S.  Environmental  Protection 
Agency's  RACT,  BACT  and  LAER  Clearinghouse  (RBLC)  data  base  and  the  California  Air 
Resources  Board's  BACT  data  base  for  diesel  engines.35  There  were  about  50  control  technology 
determinations  for  large,  stationary  diesel  engines  in  these  two  data  bases.  (Determinations  made  in 
California  appeared  in  both  data  bases.) 

The  most  common  types  of  stationary  diesel  engine  listed  in  the  RBLC  data  base  were  emergency 
or  backup  generator  engines.  In  each  case,  the  BACT  determination  was  "no  feasible  controls"  for 
NOx  and  PM10  In  some  cases,  limitation  of  emissions  was  achieved  by  limiting  the  total  number  of 
operations  or  fuel  burned.  Examples  of  BACT  determinations  for  this  type  of  engine  are: 

•  In  1987,  the  Alaska  Department  of  Environmental  Quality  determined  that  no  controls  were 
feasible  for  three  2,300  kW  diesel  generators  permitted  for  a  mining  operation  on  Admiralty 
Island,  and  for  a  1,000-kW  generator  at  a  petroleum  refinery  at  North  Pole,  Alaska. 

•  In  1990,  the  Connecticut  Bureau  of  Air  Management  determined  that  no  controls  were  feasible 
for  a  1,600  MMBtu/hr  diesel  generator  installed  by  the  U.S.  Department  of  Energy  in  Windsor, 
CT. 

For  large  diesel  engines  that  are  temporary  or  intermittent  sources,  injection  timing  retardation  has 
sometimes  been  required.  For  instance: 

•  In  1989,  the  Florida  Department  of  Environmental  Regulation  required  timing  retardation  for 
two  13,266-horsepower  generators  installed  by  the  Key  West  Electric  System.   (The  generators 
most  likely  were  peaking  units  used  to  provide  additional  capacity  only  at  times  of  peak  electrical 
demand.) 

•  In  1994,  the  Feather  River  Air  Quality  Management  District  required  4  degrees  of  injection 
timing  retard  for  a  6004^  W  Caterpillar  generator  at  an  aggregate  processing  facility. 

•  In  1990,  the  Monterey  Bay  Unified  Air  Pollution  Control  District  required  6  degrees  of  injection 
timing  retard  for  a  480-horsepower  and  a  400-horsepower  diesel  engine  on  an  exploration  oil 
drilling  rig. 


34 
Steele,  Jerry,  1997.   Personal  communication.   Monterey  Bay  Unified  Air  Pollution  Control  District. 

35 
RACT,  BACT  and  LAER  are  acronyms  for  Reasonably  Available  Control  Technology,  Best  Available  Control 

Technology,  and  Lowest  Achievable  Emission  Rate,  respectively.   RACT,  BACT  and  LAER  are  emission  levels  and/or 

control  technologies  that  have  been  formally  identified  by  a  permitting  agency  as  being  feasible  for  controlling  emissions  and 

required  for  a  permitted  source.   LAER  represents  a  much  more  stringent  level  of  control  that  RACT  or  BACT.   Only  BACT 

determinations  were  included  in  the  RBLC  data  base  for  internal  combustion  sources  burning  diesel  fuel  (probably  because 

no  RACT  or  LAER  determinations  have  been  made  to  date  for  this  source  type). 
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•  In  1989,  the  Monterey  Bay  Unified  Air  Pollution  Control  District  (MBUAPCD)  required  5 
degrees  of  individual  ignition  timing  retard  for  three  850-horsepower  diesel  engines  on  a  drill 
rig.  (The  three  Caterpillar  D398TA  engines  used  for  this  source  are  the  same  as  the  engines 
that  would  most  likely  be  used  on  drill  rigs  at  the  Fourmile  Hill  project.) 

•  In  1991,  the  San  Joaquin  Valley  Unified  Air  Pollution  Control  District  required  fuel  injection 
timing  retard  of  4°  or  more,  turbocharging,  intercooling  and  aftercooling  for  a  950-horsepower 
diesel  generator  being  used  at  an  asphalt  batch  plant  to  produce  electrical  power  until  a  the  local 
utility  could  provide  service  to  the  site.  The  plant  was  being  moved  to  a  new  location,  and  the 
engine  was  part  of  the  equipment  that  was  moved.  The  BACT  determination  found  that 
selective  catalytic  reduction  was  not  economically  feasible. 

•  In  1989,  the  Hawaii  Clean  Air  Branch  required  "variable  FITR"  (variable  fuel  injection  timing 
retard),  for  four  7.86-MW  diesel  generators  installed  by  Citizens  Utilities  Company  on  the 
island  of  Kauai.  In  1991,  variable  FITR,  turbocharging  and  intercooling  were  required  for  four 
more  7.86-MW  generators  installed  at  the  same  station.  In  1995,  variable  FITR  and  "intake  air 
cooling"  was  required  for  three  2.26-MW  generators  installed  on  Molokai. 

For  very  large  engines  that  are  expected  to  be  in  frequent  or  long-term,  continuous  use,  or  in  areas 
that  have  serious  ozone  problems,  more  stringent  controls  have  been  required  in  some  instances. 
Examples  include: 

•  In  1989,  California's  South  Coast  Air  Quality  Management  District  (SCAQMD)  required  a 
selective  catalytic  reduction  system  (SCR)  for  a  2,100-horsepower  Caterpillar  diesel  engine.  The 
system  was  expected  to  reduce  NOx  emissions  by  80%.  No  PM10  reductions  were  estimated. 

•  In  1990,  the  SCAQMD  required  SCR  for  three  diesel  engines  totaling  7,040  horsepower.  The 
engines  were  manifolded  together  so  that  they  shared  a  common  emission  control  system.  This 
system  was  expected  to  reduce  NOx  emissions  by  94%  and  PM10  emissions  by  80%.36 

•  In  1992,  the  Philadelphia  Department  of  Public  Health  required  SCR  for  seven  1,635  kW  (each) 
diesel  generators  installed  at  a  water  treatment  plant,  and  for  eleven  1,165-kW  engines  installed 
at  another  plant.  The  SCR  system  was  expected  to  reduce  NOx  emissions  by  80%.  No 
reductions  of  PM10  emissions  were  estimated. 

It  is  clear,  from  the  foregoing  examples  and  a  more  thorough  review  of  the  data  base,  that  Best 
Available  Control  Technology  for  NOx  emissions  from  diesel  engines  has  varied  from  no  controls 
to  very  stringent  controls.  In  general,  no  controls  have  been  required  for  emergency  generators. 
Some  temporary  and  intermittent  sources  have  been  required  to  use  retarded  injection  timing,  and 
in  some  cases,  intercoolers  and/or  aftercoolers.  Only  large  sources  or  sources  in  areas  with  serious 
ozone  pollution  problems  have  been  required  to  use  the  much  more  expensive  selective  catalytic 
reduction  technology. 

Interestingly,  the  requirements  for  turbochargers,  intercoolers,  intake  air  coolers,  and  aftercoolers 
that  appear  in  some  of  the  BACT  determinations  are  not  mentioned  at  all  in  EPA's  Alternative 
Control  Technology  document,  even  though  several  of  the  determinations  predate  the  EPA 
document.  This  may  be  because  EPA  considers  these  devices  to  be  part  of  the  intrinsic  design  of 
the  engines,  and  not  control  emissions  control  technology.  At  any  rate,  the  diesel  engines  used  on 
drill  rigs  typically  are  turbocharged  and  aftercooled. 


The  permittee  and  the  District  apparently  expected  that  the  catalyst  bed  would  remove  particulate  matter  from  the 
exhaust  stream. 
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The  two  BACT  determinations  for  drill  rigs  in  the  Monterey  Bay  Unified  Air  Pollution  Control 
District  are  the  most  similar  and  relevant  to  the  drill  rigs  at  the  proposed  facility.  Both  require 
injection  timing  retard.  MBUAPCD  required  injection  timing  retard  in  both  instances. 

One  other  potential  method  for  greatly  reducing  NOx  emissions  from  drill  rigs  would  be  to  use 
lean-burn,  spark-ignited  engines  burning  natural  gas  fuel.  Lean-burn  gas  engines  reportedly  can 
produce  NOx  emissions  as  low  as  1  to  2  grams  per  brake  horsepower-hour  (g/bhp-hr).3'  This  is 
about  17  to  34%  of  the  expected  emission  rate  achievable  with  a  diesel  engine  using  injection  timing 
retard.  No  drilling  contractors  have  been  identified  to  date  that  can  provide  gas-powered  drill  rigs, 
and  it  is  unknown  how  such  engines  would  perform  in  this  application. 

Based  on  review  of  the  economic,  logistical,  and  environmental  consequences  of  the  control 
technologies  available  for  diesel  engines,  as  well  as  historical  requirements  for  their  use,  it  appears 
that  injection  timing  retard  is  the  only  proven  and  feasible  NOx  emission  control  technique  for 
diesel  engines  in  this  application.  SCR  does  not  appear  to  be  feasible  because  1)  it  is  very  expensive, 
2)  it  is  not  proven  for  load-varying  applications  such  as  drill  rigs,  3)  it  would  require  the  transport 
and  handling  of  an  additional  hazardous  material  to  and  at  the  project  site,  4)  it  may  produce  a 
hazardous  waste,  and  5)  PM10  emissions  may  be  increased,  due  to  ammonia  slip.  As  noted  above, 
the  emissions  estimates  presented  in  this  document  were  prepared  with  the  assumption  that  diesel 
engines  with  ignition  timing  retard  will  be  used. 

If  the  potential  visible  plume  impact  identified  by  the  VISCREEN  model  actually  occurred  in  the 
Fourmile  Hill  project  area,  Calpine  would  attempt  to  change  over  to  gas-fired  drill  rigs.  There  is  no 
guarantee  that  a  gas-fired  ng  appropriate  for  the  project  would  be  available.  All  other  feasible  NOx 
and  PM10  mitigation  measures  have  already  been  incorporated  into  the  project  design.  Thus,  the 
visibility  impact,  if  it  occurs,  might  be  an  unavoidable  impact. 


37 
Ray  ford,  Robert,  1997.   Personal  Communication.   March  31.   Quinn  Power  Systems,  Fresno,  CA. 
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Attachment  A 
VISCREEN  Model  Output 
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Visual  Effects  Screening  Analysis  for 
Source:  Construction,  Year  1 
Class  I  Area:  SW  Corner  Lava  Beds 


***  User-selected  Screening  Scenario  Results  *** 
Input  Emissions  for 
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Transport  Scenario  Specifications: 


Background  Ozone: 
Background  Visual  Range: 
Source-Observer  Distance: 
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RESULTS 

Asterisks  (*)  indicate  plume  impacts  that  exceed  screening  criteria 
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Visual  Effects  Screening  Analysis  for 
Source:  Construction,  Year  2 
Class  I  Area:  SW  Corner  Lava  Beds 


***  User-selected  Screening  Scenario  Results  *** 
Input  Emissions  for 


Particulates 
NOx  (as  N02) 
Primary  N02 
Soot 
Primary  S04 


92.20 
764.40 

.00 
41.20 

.20 


LB  /DAY 
LB  /DAY 
LB  /DAY 
LB  /DAY 
LB  /DAY 


PARTICLE  CHARACTERISTICS 
Density       Diameter 


Primary  Part. 

2.5 

6 

Soot 

2.0 

1 

Sulfate 

1.5 

4 

Transport  Scenario  Specifications: 


Background  Ozone: 
Background  Visual  Range: 
Source-Observer  Distance: 
Min.  Source-Class  I  Distance: 
Max.  Source-Class  I  Distance: 
Plume-Source-Observer  Angle: 
Stability:    6 
Wind  Speed:    2.00  m/s 


.05  ppm 

200.00  km 

8.10  km 

8.10  km 

28.40  km 

11.25  degrees 


RESULTS 

Asterisks  (*)  indicate  plume  impacts  that  exceed  screening  criteria 

Maximum  Visual  Impacts  INSIDE   Class  I  Area 
Screening  Criteria  ARE  Exceeded 

Delta  E       Contrast 


Backgrnd  Theta  Azi  Distance  Alpha  Crit   Plume   Crit   Plume 


SKY       10.  164. 

SKY      140.  164. 

TERRAIN   10.  164. 

TERRAIN  140.  164. 


28.4 

4. 

2.00 

1.864 

.05 

-.032 

28.4 

4. 

2.00 

2.154* 

.05 

-.069* 

28.4 

4. 

2.00 

5.555* 

.05 

.053* 

28.4 

4. 

2.00 

1.889 

.05 

.029 

Maximum  Visual  Impacts  OUTSIDE  Class  I  Area 
Screening  Criteria  ARE  Exceeded 

Delta  E       Contrast 


Backgrnd  Theta  Azi  Distance  Alpha  Crit   Plume   Crit   Plume 


SKY  10. 
SKY  140. 
TERRAIN  10. 
TERRAIN  140. 


2. 

1.0 

167. 

2.00 

4.283* 

.05 

-.070* 

2. 

1.0 

167. 

2.00 

5.737* 

.05 

-.157* 

2. 

1.0 

167. 

2.00 

17.808* 

.05 

.114* 

2. 

1.0 

167. 

2.00 

4.210* 

.05 

.036 

Visual  Effects  Screening  Analysis  for 
Source:  Construction,  Year  3 
Class  I  Area:  SW  Corner  Lava  Beds 


***  User-selected  Screening  Scenario  Results  *** 
Input  Emissions  for 


Particulates 
NOx  (as  N02) 
Primary  N02 
Soot 
Primary  SQ4 


123.30 

1825.20 

.00 

98.30 

.20 


LB  /DAY 
LB  /DAY 
LB  /DAY 
LB  /DAY 
LB  /DAY 


PARTICLE  CHARACTERISTICS 
Density       Diameter 


Primary  Part. 

2.5 

Soot 

2.0 

Sulfate 

1.5 

Transport  Scenario  Specifications: 


Background  Ozone: 
Background  Visual  Range: 
Source-Observer  Distance: 
Min.  Source-Class  I  Distance: 
Max.  Source-Class  I  Distance: 
Plume-Source-Observer  Angle: 
Stability:    6 
Wind  Speed:    2.00  m/s 


.05  ppm 

200.00  km 

8.10  km 

8.10  km 

28.40  km 

11.25  degrees 


RESULTS 

Asterisks  (*)  indicate  plume  impacts  that  exceed  screening  criteria 

Maximum  Visual  Impacts  INSIDE   Class  I  Area 
Screening  Criteria  ARE  Exceeded 

Delta  E       Contrast 


Backgrnd  Theta  Azi  Distance  Alpha  Crit   Plume   Crit   Plume 


SKY      10.  164. 

SKY      140.  164. 

TERRAIN   10.  164. 

TERRAIN  140.  164. 


28.4 

4. 

2.00 

5.336* 

.05 

-.098* 

28.4 

4. 

2.00 

4.584* 

.05 

-.145* 

28.4 

4. 

2.00 

9.478* 

.05 

.096* 

28.4 

4. 

2.00 

4.072* 

.05 

.065* 

Maximum  Visual  Impacts  OUTSIDE  Class  I  Area 
Screening  Criteria  ARE  Exceeded 

Delta  E       Contrast 


Backgrnd  Theta  Azi  Distance  Alpha  Crit   Plume   Crit   Plume 


==== 

===== 

SKY 

10. 

2. 

1.0 

167. 

2.00 

10.330* 

.05 

-.186* 

SKY 

140. 

2. 

1.0 

167. 

2.00 

9.817* 

.05 

-.294* 

TERRAIN 

10. 

2. 

1.0 

167. 

2.00 

25.868* 

.05 

.182* 

TERRAIN 

140. 

2. 

1.0 

167. 

2.00 

7.612* 

.05 

.078* 

Visual  Effects  Screening  Analysis  for 
Source:  Normal  Operations 
Class  I  Area:  SW  Corner  Lava  Beds 


***  User-selected  Screening  Scenario  Results  *** 
Input  Emissions  for 


Particulates 

27.10 

LB 

/DAY 

NOx  (as  N02) 

.00 

LB 

/DAY 

Primary  N02 

.00 

LB 

/DAY 

Soot 

.00 

LB 

/DAY 

Primary  SQ4 

4.11 

LB 

/DAY 

PARTICLE  CHARACTERISTICS 
Density       Diameter 


Primary  Part. 

2.5 

6 

Soot 

2.0 

1 

Sulfate 

1.5 

4 

Transport  Scenario  Specifications: 


Background  Ozone: 
Background  Visual  Range: 
Source-Observer  Distance: 
Min.  Source-Class  I  Distance: 
Max.  Source-Class  I  Distance: 
Plume-Source-Observer  Angle: 
Stability:    6 
Wind  Speed:    2.00  m/s 


. 05  ppm 

200.00  km 

8.10  km 

8.10  km 

28.40  km 

11.25  degrees 


RESULTS 

Asterisks  (*)  indicate  plume  impacts  that  exceed  screening  criteria 

Maximum  Visual  Impacts  INSIDE  Class  I  Area 
Screening  Criteria  ARE  NOT  Exceeded 

Delta  E       Contrast 


Backgrnd  Theta  Azi  Distance  Alpha  Crit  Plume   Crit   Plume 


SKY 

10. 

164. 

28.4 

4. 

2.00 

.550 

.05 

.011 

SKY 

140. 

164. 

28.4 

4. 

2.00 

.124 

.05 

-.004 

TERRAIN 

10. 

164. 

28.4 

4. 

2.00 

1.613 

.05 

.013 

TERRAIN 

140. 

164. 

28.4 

4. 

2.00 

.156 

.05 

.003 

Maximum  Visual  Impacts  OUTSIDE  Class  I  Area 
Screening  Criteria  ARE  Exceeded 

Delta  E       Contrast 


Backgrnd  Theta  Azi  Distance  Alpha  Crit   Plume   Crit   Plume 


SKY 

10. 

2. 

1.0 

167. 

2.00 

1.549 

.05 

.027 

SKY 

140. 

2. 

1.0 

167. 

2.00 

.310 

.05 

-.011 

TERRAIN 

10. 

2. 

1.0 

167. 

2.00 

6.752* 

.05 

.036 

TERRAIN 

140. 

2. 

1.0 

167. 

2.00 

.453 

.05 

.004 

Visual  Effects  Screening  Analysis  for 
Source:  Plant  Upset 
Class  I  Area:  SW  Corner  Lava  Beds 


***  User-selected  Screening  Scenario  Results  *** 
Input  Emissions  for 


Particulates 

61.90 

LB 

/DAY 

NOx  (as  N02) 

234.00 

LB 

/DAY 

Primary  N02 

.00 

LB 

/DAY 

Soot 

12.60 

LB 

/DAY 

Primary  S04 

.20 

LB 

/DAY 

PARTICLE  CHARACTERISTICS 
Density       Diameter 


Primary  Part. 

2.5 

6 

Soot  - 

2.0 

1 

Sulfate 

1.5 

4 

Transport  Scenario  Specifications: 


Background  Ozone: 
Background  Visual  Range: 
Source-Observer  Distance: 
Min.  Source-Class  I  Distance: 
Max.  Source-Class  I  Distance: 
Plume-Source-Observer  Angle: 
Stability:    6 
Wind  Speed:    2.00  m/s 


.05  ppm 

200.00  km 

8.10  km 

8.10  km 

28.40  km 

11.25  degrees 


RESULTS 

Asterisks  (*)  indicate  plume  impacts  that  exceed  screening  criteria 

Maximum  Visual  Impacts  INSIDE  Class  I  Area 
Screening  Criteria  ARE  Exceeded 

Delta  E       Contrast 


Backgrnd  Theta  Azi  Distance  Alpha  Crit   Plume   Crit   Plume 


SKY 

10. 

164. 

28.4 

4. 

2.00 

.337 

.05 

-.000 

SKY 

140. 

164. 

28.4 

4. 

2.00 

.760 

.05 

-.025 

TERRAIN 

10. 

164. 

28.4 

4. 

2.00 

3.097* 

.05 

.027 

TERRAIN 

140. 

164. 

28.4 

4. 

2.00 

.676 

.05 

.011 

Maximum  Visual  Impacts  OUTSIDE  Class  I  Area 
Screening  Criteria  ARE  Exceeded 

Delta  E       Contrast 


Backgrnd  Theta  Azi  Distance  Alpha  Crit  Plume   Crit   Plume 


SKY 

10. 

2. 

1.0 

167. 

2.00 

1.036 

.05 

-.000 

SKY 

140. 

2. 

1.0 

167. 

2.00 

2.330* 

.05 

-.062* 

TERRAIN 

10. 

2. 

1.0 

167. 

2.00 

11.492* 

.05 

.067* 

TERRAIN 

140. 

2. 

1.0 

167. 

2.00 

1.680 

.05 

.014 

Visual  Effects  Screening  Analysis  for 
Source:  Norm  Ops  +  Drilling  Well 
Class  I  Area:  SW  Corner  Lava  Beds 


***  User-selected  Screening  Scenario  Results  *** 
Input  Emissions  for 


Particulates 
NOx  (as  N02) 
Primary  N02 
Soot 
Primary  SQ4 


27.10  LB  /DAY 

530.40  LB  /DAY 

.00  LB  /DAY 

28.60  LB  /DAY 

4.11  LB  /DAY 


PARTICLE  CHARACTERISTICS 
Density       Diameter 


Primary  Part. 

2.5 

Soot 

2.0 

Sulfate 

1.5 

Transport  Scenario  Specifications: 


Background  Ozone: 
Background  Visual  Range: 
Source-Observer  Distance: 
Min.  Source-Class  I  Distance: 
Max.  Source-Class  I  Distance: 
Plume-Source-Observer  Angle: 
Stability:    6 
Wind  Speed:    2.00  m/s 


.05  ppm 

200.00  km 

8.10  km 

8.10  km 

28.40  km 

11.25  degrees 


RESULTS 

Asterisks  (*)  indicate  plume  impacts  that  exceed  screening  criteria 

Maximum  Visual  Impacts  INSIDE   Class  I  Area 
Screening  Criteria  ARE  Exceeded 

Delta  E       Contrast 


Backgrnd  Theta  Azi  Distance  Alpha  Crit   Plume   Crit   Plume 


SKY      10.  164. 

SKY      140.  164. 

TERRAIN   10.  164. 

TERRAIN  140.  164. 


28.4 

4. 

2.00 

1.668 

.05 

-.031 

28.4 

4. 

2.00 

1.486 

.05 

-.047 

28.4 

4. 

2.00 

3.070* 

.05 

.030 

28.4 

4. 

2.00 

1.292 

.05 

.019 

Maximum  Visual  Impacts  OUTSIDE  Class  I  Area 
Screening  Criteria  ARE  Exceeded 

Delta  E       Contrast 


Backgrnd 

Theta 

Azi 

Distance 

Alpha 

Crit 

Plume 

Crit 

Plume 

SKY 

10. 

2. 

1.0 

167. 

2.00 

4.777* 

.05 

-.076* 

SKY 

140. 

2. 

1.0 

167. 

2.00 

4.637* 

.05 

-.114* 

TERRAIN 

10. 

2. 

1.0 

167. 

2.00 

9.935* 

.05 

.058* 

TERRAIN 

140. 

2. 

1.0 

167. 

2.00 

3.247* 

.05 

.024 
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